Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non- commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 



Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at http : / /books . qooqle . com/ 



THE GIFT OF 
DE GROT ON. MAS^. 



LETTERS OF^EULER 

ON DIFFER EN T SUBJECTS IN 

NATURAL PHILOSOPHY. 

iDDHCf 5 CD TO 

A GERMAN PRINCESS* 

WITH KOTtS, AND A LIFE OF EULIR, 

tip* ■* 

DAVID MEWSTKH, LL.P> 

rluL LOffD, AND FJ9L 
CONTAINING A GLOSSARY OK SCIENTIFIC TEEMS* 



WITH ADDITION A L> NOTES, 

BY JOHN (5RISCOM, LL.D. 
IN TWO VOLUME 3. 

VOL. fe 



N E W-Y OR K : 



FUBLIAUHD BY WARPER k. 8 R OTHERS, 
jfo 82 curr stkikt, 



183 7. 




Amu**, 

Entered, according to Act of Congress, in the year 1833, 
By Harpir & Brothies, 
b the Clerk'a Office of the Southern Diatrict of New-York. 



EDITOR'S PREFACE 



The work now presented for /the first time to the 
American public is the production of one of the 
most learned and highly-gifted men whose names 
adorn the annals of found philosophy, and whose 
labours gained for him a reputation inferior only Id 
that of Newton. They will be read with great ad- 
vantage by the young student, on account of the 
remarkable clearness wkh which the subjects are 
treated, the copiousness of the style, and its adapta- 
tion to the purpose of easy and familiar instruction. 
The author, in addition to his profound knowledge, 
had the advantage of being, both by profession and 
by taste, a teacher of youth; and the volumes 
before us bear evidence of the tact which an expe- 
rienced instructor acquires in discovering the points 
which stand most in need of varied and reiterated 
explanation. 

The theories which the author endeavours often 
by elaborate reasoning to support are, it is true, in 
A 2 
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The work now presented for the first time to the 
American public is the production of one of the 
most learned and highly-gifted men whose names 
adorn the annals of sound philosophy, and whose 
labours gained for htm a reputation inferior only to 
that of Newton. They will be read with great ad- 
vantage by the young student, on account of the 
remarkable clearness with which the subjects an 
treated, the copiousness of the style, and its adapta- 
tion to the purpose of easy and familiar instruction 
The author, in addition to his profound knowledge, 
had the advantage of being, both by profession and 
by taste, a teacher of youth ; and the volumes befon 
us bear evidence of the tact which an experience* 
instructor acquires in discovering the points whicl 
stand most in need of varied and reiterated expla- 
nation. 

These Letters, therefore, designed as they wen 
far the benefit of a lady, will predispose the ingen- 
uous mind to the love of scientific truth. Nor i 
the evidence of piety he has brought into connexioj 
with some of the highest contemplations of philoso 
phy one of the least interesting features of the* 
agreeable volumes. 

American Editor. 
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PRBPAOB 



It has long been a reproach again* English lite- 
rature, that the composition of elementaijand popular 
works has been left almost exclusively in the binds 
of inferior writers, who possess only a general and 
superficial knowledge of the subjects of which they 
treat The influence of this practice upon the diflu- 
sion of general and correct knowledge has been 
deeply felt by those who are desirous of mtrodueing, 
a system of education which embraces a wider range 
than the ordinary routine of classical instruction. 
The popular writings of those who acquire a know- 
ledge of science for the purpose of teaching it differ 
in the most essential manner from those of a philo- 
sopher who devotes himself to the task of perspicuous 
illustration. However correct may be the principles, 
and however copious the details of a compiled work, 
it must always be defective in the selection of its 
topics, in the clearness of its reasoning, in the gen- 
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emlity of its views, and in die suitableness of its illus- 
trations. A mind like that of Euler, which from 
its infancy has been devoted to the study of Nature, 
selects at once the prominent features of the science 
which it is proposed to explain ; excludes all perplex- 
ing and extraneous facts, and combines under gene- 
ral views the important truths which it is the object 
of the pupil to seize and retain. The justness of 
mis remark cannot mil to be admitted by those who 
read the following Letters, which may be justly char* 
acterized as me most popular work mat ever was 
written, and as the production of the profbundest 
philosopher mat ever wrote. 

Euler's Letters to a German Princess were first 
made known in Europe by an edition published by 
the Marquis Cokdorcet and M. Lacrolx, who en- 
riched it with a variety of notes, and whose opinion 
of the work for the purposes of public instruction 
may be acceptable to the English reader : — 

••The Letters of Euler to a German Princess,' 9 
says M. Condorcet, "have acquired over all Eu- 
rope a celebrity to which the reputation of the Au- 
thor, the choice and importance of the several subjects, 
and the clearness of elucidation justly entitle them. 
They have deservedly been considered as a treasury 
ef edence, adapted to the proposes of every coauaeej 
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seminary of learning. They may be studied fc ad- 
vantage without much previous elementary know- 
ledge ; they convey accurate ideas respecting a va- 
riety of objects, highly interesting in themselves, or 
calculated to excite a laudable curiosity ; they inspire 
a proper taste for the sciences, and for that sound 
philosophy which, supported by science, and never 
losing sight of her cautious, steady, methodical ad 
vances, runs no risk of perplexing or misleading the 
attentive student" 

The English reader is indebted to the late Rev. 
Dr. Henry Hunter for the following translation, 
which has gone through two editions. In this third 
edition the translation has received very essential 
improvements. The plates have been re-engraved 
and much improved, and a life of the Author has been 
added, together with various notes, which, the editor 
trusts, will be both interesting and useful to the 
reader. 

Independently of the great popularity of this work, 
it possesses a particular interest at the present time, 
in consequence of its containing a popular view of 
the doctrine, that light consists in the undulations of 
an ethereal medium, which is now generally adopted, 
inconsequence of recent discoveries in optics. 

Eraromtt, 22d July, 1833. 
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Leonard Euler, one of the most distinguished 
mathematicians of the 18th century, was the son of 
Paul Euler, and Margaret Brucker, and was bom at 
B&sle on the 16th of April, 1707. 

His father, who had been instructed in mathe- 
matics by the celebrated James Bernoulli, became 
pastor of the village of Riechen, near Basle, in the 
year 1708 ; and as soon as his son had arrived at the 
proper age, he instilled into him a fondness for 
mathematical learning, although he had destined him 
for the study of theology. He was afterward sent 
to the university of B&sle, where he was found 
worthy to receive lessons from John Bernoulli, who 
was at that time regarded as the first mathematician 
in Europe. The assiduity and amiable disposition 
of Euler soon gained him the particular esteem of 
that great master, and the friendship of his two sons, 
Daniel and Nicolas Bernoulli, who had already be- 
come the disciples and the rivals of their father. J ohn 
Bernoulli even condescended to .give him once every 
week a particular lesson, for the purpose of explain- 
ing the difficulties which he encountered in the course 
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of his studies. Euler had not the good fortune to 
enjoy long this inestimable advantage. In 1723, he 
received the degree of Master of Arts ; and on this 
occasion he obtained great applause by the Latin 
discourse which he delivered, containing a compari- 
son between the Newtonian and Cartesian philoso- 
phy. At the request of his father, he now began the 
study of theology ; but his attachment to the mathe- 
matics was so strong, that his father at last consented 
to allow him to follow the bent of his own genius. 

Nicolas and Daniel Bernoulli having, in 1T25, 
accepted the invitation of Catherine I. to beeottfe 
members of the Academy of Sciences of St Petal* 
burg, promised at their departure to employ fail 
influence to procure for Euler an appointment in thai 
city. In the following year they announced that the} 
had a situation in view for him, and strongly advised 
him to apply his mathematical knowledge to physi- 
ology. Euler immediately attended the lectures of 
the most eminent medical professors at B&sle, and 
made rapid progress in the study of medicine. Hu 
attention, however, was still directed to his favourite 
pursuits, and he found leisure to compose a disser- 
tation on the Nature and Propagation of Sound, 
and another on the Masting of Ships, which was 
written for the prize proposed by the Academy of 
Sciences in 1727. As this subject was actually 
suggested by several members of the academy, with 
the view of bringing into notice the talents of M. 
Bouguer, who had paid particular attention to the 
subject, and who was then professor of hydrography 
in the seaport town of Croisic, it was not Hkely thai 
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Euler, who was destitute of all practical knowledge 
of naval affairs, should have succeeded in the com- 
petition. Bouguer, of course, carried off the first 
prize*; but Euler obtained what is called the accessit, 
or second prize, an honour of no trivial magnitude, 
when we consider that he was then only twenty years 
of age. About this time Euler was a candidate for 
the vacant professorship of natural philosophy in 4he 
university of B&sle ; but he had not the good fortune 
to be elected, 

. Daniel and Nicolas Bernoulli used all their influ- 
ence to procure an appointment for their young 
friend ; and having at last succeeded, they requested 
him to repair immediately to St Petersburg. Euler 
lost no time in obeying this welcome summons; but, 
after he had begun his journey, he had the mortifi- 
cation to learn that Nicolas Bernoulli had fallen a 
victim to the severity of the climate ; and the very 
day upon which he entered the Russian territory 
was that of the death of the Empress Catherine I. ; 
an event which at first threatened the dissolution of 
the academy, of which she had laid the foundation. 
Having reached St. Petersburg at this unfortunate 
period, Euler resolved to enter into the Russian 
navy, and had actually received the promise of a 
lieutenancy, and rapid promotion, from Admiral Sie- 
vere; but fortunately for geometry, a change took 
place in the aspect of public affairs in 1730, and 
Euler obtained the situation of Professor of Natural 
Philosophy. In 1733 he succeeded Daniel Ber- 
noulli, when that illustrious mathematician retired 
into the country ; and in the same year he inwrneA 
B2 
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Mademoiselle Gsell, a Swiss lady, and the daogl 
of a painter whom Peter the Great had carried i 
Russia upon his return from his first tour. In 11 
a very intricate problem having been proposed 
the Academy of St Petersburg, Euler compk 
the solution of it in three days ; but the exertion 
his mind had been so violent, that it threw him mt 
fever which endangered his life, and deprived 1 
of the use of one of his eyes. In 1738, the Ac 
emy of Sciences at Paris crowned his memoir, 
titled Sur la Nature et Us Propriety da Fern; i 
in 1740, he divided with Daniel Bernoulli, and < 
countryman Colin Maclaurin, the prize given by 
some academy for the best dissertation on the f 
and reflux of the sea. Daniel Bernoulli had tran 
the subject with a sagacity and method which ck 
acterized all his labours. The dissertation of M 
laurin contained his celebrated theorem on the el 
librium of elliptical spheroids ; and that of Ev 
was marked with an improvement on the intef 
calculus, which seemed to resolve the fundamex 
equation of almost all the great problems on then 
tkms of the heavenly bodies. 

In consequence of an invitation from the King 
Prussia, through his minister the Count de Man 
field, Euler quitted St Petersburg and went 
Berlin in the month of June, 1741. Upon hia'ai 
vai, he was honoured with a letter from the king 
Prussia, written from bis camp at Reichenbach ; a 
be was soon after presented to the queennaiothei 
princess who took great pleasure in the conversati 
of ifiustrious men. She treated Euler with i 
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irtmoet fiuniUnrity ; but never being able to draw him 
into any conversation but that of monosyllables, she 
one day asked him why he did not wish to speak to 
her ? " Madam," replied Euler, ** it is because I 
hare just come from a country where every person 
who speaks is hanged." 

The memoirs and works with which Euler enriched 
mathematics and physics are so extremely numerous 
that it would occupy many pages to give even the 
briefest account of them. In many of his physical 
memoirs, Euler has been justly reproached for having 
applied the calculus to the most unfounded physical 
hypotheses, er to metaphysical principles which had 
met been sufficiently examined ; and on this ac- 
count several of his memoirs have no value whatever, 
except in so far as they exhibit fine specimens of 
the resources of analysis. His Dissertations on 
Windmills, on Achromatic Telescopes, on Naval 
An&tecture, and on Gunnery are among the num- 
ber of those which are liable to this criticism. 

When Euler was at Berlin, the Princess of Anhak 
Dessau, the niece of the King of Prussia, was de- 
sirous to receive from him some instruction in the 
different branches of natural philosophy ; and for 
her use he drew up the present work, which was 
translated into most of the languages of Europe, and 
which has always been much esteemed, particularly 
for the singular perspicuity with which its author has 
explained some of the most profound truths in phy- 
sics. The King of Prussia often employed Euler 
k calculations relative to the mint, and other objects 
•f fin a n ce, ■ iQ the conducting of the waters of Sana 
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Souci, and in the examination of canals, and otter 

public works. 

In 1744, Euler was appointed Director of the 
Mathematical Class of the Academy, and in the same 
year he obtained the prize offered by the Academy 
of Sciences at Paris for the best work on the theory 
of magnetism. 

About this time Robin's Treatise on Gunnery had 
appeared in England, and though our countryman 
had treated Euler with great severity, this act of in- 
justice did not prevent him from recommending it 
to the King of Prussia as the best book on the sub- 
ject He even translated it, and in the additions 
which he made, he gave a complete theory of the 
motion of projectiles. M. Turgot ordered this work 
to be translated into French, and introduced into 
the schools of artillery ; and about the same time 
there appeared a splendid edition of it in England. 

In 1746, he published his new Theory of Light 
and Colours ; and in 1759, his memoir Sur Us effets 
du Roulis et du Tangage, gained the prize offered 
by the French Academy of Sciences. 

In 1750, Euler went to Frankfort to receive his 
mother, who was then a widow, and to conduct her 
to Berlin, where she remained till the time of her 
death, in 1761 ; having enjoyed for eleven years the 
assiduous attention of a favourite son, and the high 
pleasure of seeing him universally esteemed and ad- 
mired. 

When Euler remained at Berlin, he formed an 
intimate acquaintance with M. De Maupertuia, the 
learned President of the Prussian Academy tf 
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Sciences, and he defended Maupertuis's celebrated 
and favourite principle of the least action, by resolv- 
ing, by means of it, some of the most difficult prob- 
lems in mechanics. In the dispute into which he 
was thus led with Koenig, who had attacked Mau- 
perluis in 1751, he lost for a while his usual serenity, 
and became one of the enemies of that unfortunate 
individual. 

Although the number of foreign, associates in the 
French Academy of Sciences was limited to eight, 
yet Eider was appointed to the ninth place in 1765, 
en the condition that no appointment should take 
place at the first vacancy. 

In the year 1760, the Russian army under Gene- 
ral Tottleben penetrated into the March of Branden- 
burg, and pillaged a farm which Euler possessed 
near Charlottenberg. As soon as the Russian gene- 
ral was informed of the event, he immediately re- 
paired the loss by a very large sum; and upon 
giving notice of the circumstance to the Empress 
Elizabeth, she added to mis indemnity a present of 
foot thousand florins. This act of generosity, no 
doubt, had a powerful effect in attaching Euler to 
the Russian government, which, in spite of his ab- 
sence, had always paid him the pension which it 
granted him in 1742. Having received an invita- 
tion from the Empress Catherine, he obtained per- 
mission from the King of Prussia to return to 8t 
Petersburg to spend the remainder of his days ; but 

i his eldest son was not allowed to accompany him. 

\ When Euler was on the eve of his departure, Prince 
Czartorisky invited him, in the name of the King of 
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Poland, to take the road of Warsaw, where, loaded 
with kindness, he spent ten days with Stanislaus, 
who afterward honoured him with his correspondence. 

Shortly after his arrival in St Petersburg, on the 
17th July, 1766, he lost the sight of his other eye, 
having been for a considerable time obliged to per- 
form his calculations with large characters, traced 
with chalk upon a slate. His pupils and his chil- 
dren copied his calculations, and wrote all his me- 
moirs, while Euler dictated to them. To one of his 
servants, who was quite ignorant of mathematical 
knowledge, he dictated his Elements of Algebra, a 
work of very great merit, which has been translated 
into English and many other languages. Euler now 
acquired the rare faculty of carrying on in his 
mind the most complicated analytical and arithme- 
tical calculations ; and M. d'Alembert, when he saw 
him at Berlin, was astonished at some examples of 
mis kind which occurred in their conversation. 
With the design of instructing his grandchildren in 
the extraction of roots, he formed a table of the six 
first powers of all numbers, from 1 to 100, and he 
recollected them with the utmost accuracy. Two 
of his pupils having computed to the 17th term, a 
complicated converging series, their results differed 
one unit in the fiftieth cypher ; and an appeal being 
made to Euler, he went over the calculation in his 
mind, and his decision was found correct 

His principal amusement, after he lost his sight, 
was to make artificial loadstones, and to give lessons 
on mathematics to one of his grandchildren, who 
seemed to evince a taste for the science. 
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In 1771, a dreadful fire broke out in St Peters- 
burg, and reached the house of Euler. Peter 
Grimm, a native of B&sle, having learned the danger 
in which his illustrious countryman was placed, threw 
himself among the flames, and, reaching Euler's 
apartment, brought him off on his shoulders, at the 
risk of his life. His library, however, and his furni- 
ture were consumed ; but, by the activity of Count 
Orloff, his MSS. were saved. 

Having revised the lunar theory with the aid of his 
son, and his colleagues Krafft and Lexell, he con- 
structed a set of new lunar tables, which appeared in 
1772. These tables were, at the suggestion of Tur- 
got, rewarded by the Board of Longitude in France ; 
and when the more perfect tables of Mayer obtained 
the great premium of three thousand pounds offered 
by the British parliament, the sum of three hundred 
pounds was given to Euler for having furnished the 
theorems made use of by Mayer in his theory. 

In the year 1773, Euler published, at St. Peters- 
burg, his great work on the construction and man- 
agement of vessels. A new edition soon afterward 
appeared at Paris, and at the desire of the French 
king it was introduced into the schools of marine, 
and a reward of 1000 rubles transmitted to the 
author, accompanied by a handsome letter from the 
celebrated Turgot About the same time an Italian, 
an English, and a Russian translation of it appeared, 
and the Russian government presented Euler with a 
gift of 2000 rubles. 

Three of Euler's memoirs on the Inequalities in 
the Motions of the Planets, were crowned by the 



24 



Lin OF KULXR. 



French Academy of Science* ; and he abe gained 
the prizes of 1770 and 1773, by hit perfection of the 
lunar theory. 

Having lost his first wife, by whom he had thir- 
teen children, eight of whom died in early life, he 
was married a second time, in 1776, to Mademoiselle 
Gsell, the aunt of his first wife. 

Euler underwent the operation of couching, which 
was attended with the happy result of restoring his 
sight ; but whether from the negligence of hi» sur- 
geon, or from his being too eager to avail himself of 
his new organs, he again lost his sight, and suffered 
much severe pain from the relapse. His love for 
science, however, continued unabated, and in tha 
course of seven years he transmitted seventy memoirs 
to the Academy of St. Petersburg. On the 7th of 
September, 1783, after having amused himself with 
calculating upon a slate the laws of the ascensional 
motion of balloons, which at mat time occupied the 
attention of philosophers, he dined with his relation 
M. Lexell, and spoke of the planet Herschel, and 
of the calculations by which its orbit was determined* 
A short time afterward, he was amusing himself with 
one of his grandchildren, when, on a sudden, his pipe 
fell from his hand, and he expired of an apoplectic 
stroke, in the 79th year of his age. 

Euler left behind him three sons, having lost his 
two daughters in the latter years of his life. Twenty* 
six out of thirty of his grandchildren were ahve at 
the time of his death. 

After a long life, so successfully devoted to the 
sciences. Eider's reputation was very widely es* 
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tended. Besides being a foreign member of the 
Academy of Sciences at Paris, he was a Fellow of 
the Royal Society of London, and he had received 
from most of the princes of the north, with whom 
he was well acquainted, the most flattering marks of 
their esteem* When the Prince-royal of Prussia 
visited St Petersburg, he anticipated the visit of 
Euler, and passed several hours at the. bedside of 
this great man, holding him all the time by the hand, 
and having, at the same time, upon his knee one of 
Eater's grandchildren, who had displayed a prema- 
ture attachment to geometry. The death of Euler 
was considered as a public loss even in the country 
where he lived ; and the Academy of St Petersburg 
decreed to him, at their own expense, a marble bust, 
which was placed in their public hall. In an alle- 
gorical picture which the academy had put up 
during his life, Geometry was represented as placed 
upon a basement covered with calculations. These 
calculations were the formulae of Eider's Theory of 
the Lunar Motions. 

Eider's knowledge was not limited to mathematics 
and the physical sciences. He had carefully studied 
anatomy, chymistry, and botany, and he was also 
deeply versed in ancient literature. He could repeat 
the jEneid from the beginning to the end, and he 
could even tell the first and last lines in every page 
of the edition which he used. In one of his works 
there is a learned memoir on a question in mechanics, 
of which, as he himself informs us, a verse of the 
-Eneid gave him the first idea. 

Euler possessed naturally a strong constitution; 
n 
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and when we consider the nature of his studies, an 
the assiduity with which he pursued them, we can 
not fail to be surprised at the great degree of heahl 
which he enjoyed. In all his habits he was sebe 
and temperate, — in his manners unaffected anc 
pleasing, — and in his temper lively and cheerful Ii 
his moral and religious character there is much to 
admire. The high fame which he acquired, and the 
interruptions which he must have experienced, bod 
at Berlin and St Petersburg, never induced htm to 
abandon the religious duties to which he had beei 
educated. As long as he preserved his sight, he 
assembled the whole of his family every evening 
and read a chapter of the Bible, which he accompt 
nied with an exhortation. Theology was one of H 
favourite studies, and the doctrines which he he 
were the most rigid doctrines of Calvinism. 

The following is a list of the principal wof 
which Euler published in a separate form. 7 
papers, which appeared in the Memoirs of the Ar 
emies of Berlin and St. Petersburg, are extrei 
numerous ; and he left behind him no fewer 
two hundred ready for publication, in order to 
a promise which he had made to Count Orif 
supply memoirs for the Acta Petropolitana for t 
years after his death. 

Dissertatio Physica de Sono. Basle, 179 

Mechanica, stve motus scientia analytice ex 
Petropoli, 1736, 2 vols. 

Tentamen nova theories murica. Petrop 
This work contains many new views ; but 
Fuss remarks, it had no great success, ai 
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tamed too much geometry for musicians, and too 
much music for geometers. 

Methodus invenieruU Uneas curvas maximi mini" 
mwe proprietate gaudentes. Lausannse, 1744, 4to. 

Iniroductio in Analysin Infinitorum. Lausanne, 
1744, 2 vols. 4to. This work, which had hecome 
very scarce, was reprinted at Lyons in 1797. It 
was translated into French in 1796, by J. B. Labey, 
and published at Paris. 

Theoria motuum planetarum et cometarum. Bero- 
lini, 1744. 

Opuacula varii argumenti. Berolini, 1 746, 1750, 
1751, 3 vols, in 4to. The tables of the sun and 
moon, which are sometimes to be found separately, 
form part of the 1st volume of this collection. As 
the three volumes make only 600 pages, they are 
generally found in one. 

Scientia navalis, sen tractates de cohstruendu ac 
iirigendU navibus. Petropoli, 1749, 2 vols. 4to. 

Theoria motuum Luna exhibena omnts corporum 
ineqvaHtaies cum additamento. Berolini, 1753, 4to. 

Disstrtatio de principio minima actumis, una 
cum examine objectionmn CI. Koenigii, contra hoc 
prhciphm faetarum. Berolini, 1753, 4to. ' 

Institutiones calculi differ entialis, cum ejus usu in 
anaUfsi infinitorum ac doctrina serterum. Berolini, 
1755. Another edition of this work was published 
in 1787, in 2 vols. 4to, and another at St Peters* 
burg in 1804, in 2 vols. 4to. 
' Constructio lentium objectivarum ex duplici vitro. 
Petrop. 1762. 

Meditationes de perturbatione motus cometarum 
ab attractione planetarium °rla Petrop. Yl§2 % 4\o. 
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Theoria motuscorporum sotidorum sen rigidorum, 
Rostochii, 1765, 4to. 

Institutiones Calculi Integralis. Petrop. 1768- 
1770, 3 vols. 4to. Another edition, more correct 
was published at St Petersburg in 1792 and 1794 
in 4 vols. 4to. 

Dioptrica. Petrop. 1769, 1771, 3 vols. 4to. 

JVbrfe Tabulae, Lunar es singulari methodo con 
structa. Petrop. 1772, 8vo. 

Opuscula Analytical Petrop. 1783, 1785, 2 
vols. 4to. 

Lettres d une Princesse (PAUemagne sur quelque, 
sujets de Physique et dt Philosophic. St Peters 
burg, 1768, 1772, 3 vols. 8vo. Another editjoi 
was published at Berne in 1778, in 3 vols. 8vo 
Another edition was published at Paris with notes bj 
Condorcet, and another in 1812, by J. B. Labey. 

Element oV Algebra trad, de l'Allemand, par J. Ber- 
noulli, avec des notes par Lagrange et Gamier 
Paris, 1807, 2 vols. 8vo. Two editions of this worl 
were published at Lyons in 1774 and 1796, and ai 
edition appeared in London translated into English. 
* Theorie complete de la construction et de la ma- 
tuBuvre des vaisseaux (le style retouche* par Keralio), 
Paris, 1776, 8vo. The original edition of this work 
appeared at St Petersburg in 1773. 

A collection of the best productions of Eulei 
appeared at Brienne in 1797, in 18 volumes. 

A more extended list of the writings of this illus- 
trious mathematician will be found in his Euloge* by 
Nicholas Fuss, which was published at St Peters* 
burg, in 1783, in 4to. 
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LETTER I. 

Of Magnitude, or Extension. 

The hope of haying the honour to communicate 
person to your highness my lessons in geometry 
coming more and more distant, which is a very 
nsible mortification to me, I feel myself impelled 
supply personal instruction by writing, as far as 
e nature of the subjects will permit. 
1 begin my attempt by assisting you to form a just 
ea of . Magnitude ; producing, as examples, the 
lallest as well as the greatest extensions of matter 
tually discoverable in the system of the universe, 
id, first, it is necessary to fix on some one deter- 
nate division of measure, obvious to the senses, 
d of which we have an exact idea, that of a foot, 
r instance. The quantity of this once established, 
d rendered familiar to the eye, will enable us to 
rm the idea of every other quantity as to length, 
eat or small; the former, by ascertaining how 
iny feet it contains, and the latter, by ascertaining 
lat part of a foot measures it. . For having the idea 
C2 
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of a/00/, we have that also of its half, of its quarter, 
of its twelfth part, denominated an inch, of its hun- 
dredth, and of its thousandth part, which is so small 
as almost to escape the sight. But it is to be re- 
marked, that there are animals not of greater exten- 
sion than this last subdivision of a foot, which, how- 
ever, are composed of members through which the 
blood circulates, and which again contain other ani- 
mals, as diminutive compared to them as they are 
compared to us. Hence it may be concluded, that 
animals exist whose smallness eludes the imagina- 
tion; and that these again are divisible into parts 
inconceivably smaller. Thus, for example, though 
the ten thousandth part of a foot be top small for 
sight, and, compared to us, ceases to be an object of 
sense, it nevertheless surpasses in magnitude certain 
complete animals, and must to one of those animals, 
were it endowed with the power of perception, 
appear extremely great. 

Let us now make the transition from these minute 
quantities, in pursuing which the mind is lost, to 
those of the greatest magnitude. You have the idea 
of a mile ; the distance from hence to Magdeburg is 
computed to be 83 English miles ; a mile contains 
5280 feet, and we employ it in measuring the distance 
of the different regions of the globe, in order to avoid 
numbers inconceivably great in our calculations, 
whioh must be the case if we used a foot instead of 
a mile. A mile then containing 5380 feet, when it 
is said that Magdeburg is 83 miles from Berlin, the 
idea is much' clearer than if the distance of these 
two cities were said to be 438,240 feet : a number so 
great almost overwhelms the understanding. Again, 
we shall have a tolerably just idea of the magnitude 
of the earth, when we are told that its circumference 
is about 25,030 miles. And the diameter being a 
straight line passing through the centre, and termi- 
nating in opposite directions, in the surface of the 
sphere, which is the acknowledged figure of the earth, 
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for which reason also we give it the name oi globe— 
the diameter of this globe is calculated to be 7964 
miles ; and this is the measurement which we employ 
for determining the greatest distances discoverable 
in the heavens. Of all the heavenly bodies the 
Moon is nearest to us, being distant only about 30 
diameters of the earth, which amount to 240,000 
miles, or 1,238,400,000 feet ; but the first computation 
of 30 diameters of the earth is the clearest idea. 
The Sun is about 400 times farther from us than the 
moon, and when we say his distance is 12,000 diame- 
ters of the earth, we have a much clearer idea than 
if it were expressed in miles or in feet. 

You know that the earth performs a revolution 
round the sun in the space of a year, but that the 
sun remains fixed. Besides the Earth, there are ten 
other similar bodies, named planets, which revolve 
round the sun; two of them at smaller distances, 
Mercury and Venus ; and eight at greater distances, 
namely, Mars, Ceres, Pallas, Juno, Vesta, Jupiter, 
Saturn, and the Georgium Sidus. All the other stars 
which we see, comets excepted, are called fixed; 
and their distance from us is incomparably greater 
than that of the sun. Their distances are undoubt- 
edly very unequal, which is the reason that some of 
these bodies appear greater than others. But the 
nearest of them is, unquestionably, above 5000 times 
more distant than the sun: its distance from us, 
accordingly, exceeds 45,000,000 of times the earth's 
diameter, that is, 356,050,000,000 miles; and this 
again, multiplied by 5280, will give that prodigious 
distance expressed in feet. And this, after all, is 
the distance only of those fixed stars which are the 
nearest to us ;— the most remote which we see are 
perhaps a hundred times farther off.* It is probable, 
at the same time, that all these stars taken together 
constitute only a very small part of the whole uni- 

*Tte miter nri<fat faro s«U mUttaoa to*«idof bun4redf.~.4m«r*«» 
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yerse, relatively to which these prodigious distances 
are not greater than a grain of sand compared to the 
earth. This immensity is the work of the Almighty, 
who governs the greatest bodies and the smallest. 
Berlin, 19th April, 176a 



LETTER II. 
Of Velocity. 

Flattering myself that your highness may be 
pleased to accept the continuation of my instructions, 
a specimen of which I took the liberty of presenting 
to you in a former letter, I proceed to unfold the idea 
of velocity, which is a particular species of exten- 
sion, and susceptible of increase and of diminution. 
When any substance is transported, that is, when it 
passes from one place to another, we ascribe to it a 
velocity. Let two persons, the one on horseback, 
the other on foot, proceed from Berlin to Magdeburg, 
we have, in both cases, the idea of a certain velocity; 
but it will be immediately affirmed, that the velocity 
of the former exceeds that of the latter. The ques- 
tion then is, Wherein consists the difference which 
we observe between these several degrees of ve- 
locity T The road is the same to him who rides and 
to him who walks ; but the difference evidently lies 
in the time which each employs in performing the 
same course. The velocity of the horseman is the 
greater of the two, as he employs less time on the 
road from Berlin to Magdeburg; and the velocity of 
the other is less, because he employs more time in 
travelling the same distance. Hence it is clear, that 
in order to form an accurate idea of velocity, we 
must attend at once to two kinds of quantify- 
namely, to the length of the road, and to the tune 
employed. A body, therefore, which in the same 
time passes through double the space which another 
body does, has double its velocity ; if in the same, 
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time it passes through thrice the distance, it is said 
to have thrice the velocity, and so on. We shall 
comprehend, then, the Telocity of a body, when we 
are informed of the space through which it passes 
in a certain quantity of time. In order to know the 
velocity of my pace, when I walk to Lytzow (about 
a league from Berlin), I have observed that I make 
130 steps in a minute, and one of ray steps is equal 
to two feet and a half. My velocity, then, is such 
as to carry me 300 feet in a minute, and a space 60 
times greater, or 18,000 feet in an hour. Were I, 
therefore, to walk from hence to Magdeburg, it would 
take exactly 24 hours. This conveys an accurate 
idea of the Telocity with which I am able to walk. 
Now it is easy to comprehend what is meant by a 
greater or less Telocity. For if a courier were to go 
from hence to Magdeburg in 12 hours, his velocity 
would be the double of mine; if he went in eight 
hours, his Telocity would be triple. We remark a 
very great difference in the degrees of Telocity. The 
tortoise furnishes an example of a velocity extremely 
small. If she advances only one foot m a minute, 
her velocity is 300 times less than mine, for I ad- 
vance 300 feet in the same time. We are likewise 
acquainted with velocities much greater. That of 
the wind admits of great variation. A moderate 
wind goes at the rate of 10 feet in a second, or 600 
feet in a minute ; its velocity therefore is the double 
of mine. A wind that runs 20 feet in a second, or 
1200 in a minute, is rather strong ; and a wind which 
flies at the rate of 50 feet in a second is extremely 
violent, though its velocity is only ten times greater 
than mine, and would take two hours and twenty* 
four minutes to blow from hence to Magdeburg.* 

The velocity of sound comes next, which moves 
1142 feet in a second, and 68,520 in a minute. This 
Telocity, therefore, is 228 times greater than that of 

* This estimate of the Telocity of wind i« too low. A tftffbnezt will 
tarry a balloon 190 milea in an Uour, or 390 (bet In a mooqC— Amtea* 
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my pace ; and were a cannon to be fired at Magde- 
burg, if the report could be heard at Berlin, it would 
arrive there in seven minutes. A cannon-ball moves 
with nearly the same velocity; but when the piece 
is loaded to the utmost, the ball is supposed capable 
of flying 2000 feet in a second, or 120,000 in a mi- 
nute. This velocity appears prodigious, though it 
is only 400 times greater than that of my pace in 
walking to Lytzow ; it is at the same time the great- 
est velocity known upon earth. But there are in the 
heavens velocities far greater, though their motion 
appears to be extremely deliberate. You know that 
the earth turns round on its axis in 24 hours : every 
point of its surface, then, under the equator, moves 
25,020 English miles in 24 hours, while I am able to 
get through only 83 miles. Its velocity is accord- 
ingly above 300 times greater than mine, and less 
notwithstanding than the greatest possible Telocity 
of a cannon-ball. The earth performs its revolution 
round the sun in the space of a year, proceeding at 
the rate of 589,950 English miles in 24 hours. Its 
velocity, therefore, is 18 times more rapid than that 
of a cannon-ball. The greatest velocity of which 
we have any knowledge is undoubtedly that of light, 
which moves 12,000,000 English miles everjrminute, 
and exceeds the velocity of a cannon-ball 400,000 
times. 
22d April, 1760. 



LETTER III. 

Of Sound, and its Velocity. 

Thi elucidations of the different degrees of velo- 
city, which I have had the honour to lay before you, 
carry me forward to the examination of sound, or 
noise in general. It must be remarked, that a cer- 
tain portion of time always intervenes before sound 
can reach our ears, and that this time is longer in 
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proportion to our distance from .the place where the 
sound is produced ; a second of time being requisite 
to convey sound 1142 feet. 

When a cannon is fired, those who are at a dis- 
tance do not hear the report for some time after they 
have seen the flash. Those who are about five miles 
off, or 26,400 feet distant, do not hear the report till 
23 seconds after they see the flash. You must no 
doubt have frequently remarked, that the noise of 
thunder does not reach the ear for some time after 
the lightning; and it is by this we are enabled, to 
calculate our distance from the place where the 
thunder is generated. If, for example, we observe 
that 20 seconds intervene between the flash and the 
thunder-clap, we may conclude that the seat of the 
thunder is 22,840 feet distant, allowing 1142 feet of 
distance for every second of time. This primary 
property leads us to inquire in what sound consists, 
whether its nature is similar to that of smell — that 
is, whether sound issues from the body wluch pro- 
duces it, as smell is emitted from the flowtr, by fill- 
ing the air with subtile exhalations, calculated to 
affect our sense of smelling. This opinion was for- 
merly entertained ; but it is now demonstrated, that 
from a bell struck nothing proceeds that is conveyed 
to our ear, and that the body which produces sound 
loses no part of its substance. When we look upon 
a bell that is struck, or the string of an instrument 
when touched, we perceive that these bodies are then 
in a state of trembling, or agitation, by which all 
their parts are affected ; and that all bodies sucepti- 
ble of such an agitation of their parts likewise pro- 
duce sound. These shakings or vibrations are visi- 
ble in the string of an instrument when it is not 
too small; the tense string 
A C B passes alternatively 
into the situation of A M B and 
A N B., Fig. 1., in which I 
have represented these vibrations 
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much more obvious to sense than they are in fact, 
must be observed, that these vibrations put the ai 
cent air into a similar vibration, which is succ 
shrery communicated to the more remote parts 
the air, till it come at length to strike our organ 
hearing. It is the air, then, which receives thi 
vibrations, and which transmits the sound to our c 
Hence it is evident, that the perception of sounc 
nothing else but the impression made on our ear 
the concussion of the air, communicated to 
through the organ of hearing ; and when we h 
the sound of a string touched, our ear receives fr 
the air as many strokes as the string performs 
orations in the same time. Thus, if the string p 
forms 100 vibrations in a second, the ear likew 
receives 100 strokes in the same time ; and the p 
ception of these strokes is what we call sou 
'When these strokes succeed each other unifont 
or when their intervals are all equal, the sound 
regular, and such as is requisite to music. But wl 
the strokes succeed unequally, or when their int 
vals are unequal among themselves, an irregu 
noise, incompatible with music, is the result, 
considering somewhat more attentively the musi 
sounds, whose vibrations take place equally, I remi 
first, that when the vibrations, as well as the strol 
impressed on the ear are more or less strong, 
other difference of sound results from it but that 
stronger or weaker, which produces the distinct 
termed by musicians, forte et piano. But there i 
difference much more essential when the vibratk 
are more or less rapid— that is, when more or fev 
of them are performed in a second. When c 
string makes 100 vibrations in a second, and anotl 
string makes 200 vibrations in the same time, th 
sounds are essentially different ; the former is lov 
or more flat, and the other higher or more sha 
Such is the real difference between the flat s 
sharp sounds, on which all music hinges, and whi 
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tea how to combine sounds different in respect 
tness and sharpness, but in such a manner as to 
ice an agreeable harmony. In the flat sounds 
i are fewer vibrations in the same time than in 
harp sounds; and every key of the harpsichord 
lins a certain and determinate number of vibra- 
i which are completed in a second. Thus the 
marked by the letter C makes nearly 100 vi- 
ew in a second, and the note marked f makes 
vibrations in the same space of time. A string 
h vibrates 100 times in a second will give pre- 
y the note C ; and if it vibrated only 50 times, 
lote would be lower or more flat. But with re- 
to our ear, there are certain limits beyond 
h sound is no longer perceptible. It would 
ar that we are incapable of determining either 
lound of a string which makes less than 30 vi- 
908 in a second, because it is too low ; or that 
string which would make more than 7559 in a 
id, because such a note would be too high.* 
(A April, 17«0. 



LETTER IV. 

Of Consonance and Dissonance. 

nsvMK my remark, that on hearing a simple 
cal sound, our ear is struck with a series of 
[es equally distant from each other, the fre- 
cy and number of which, in a given space of 
, constitute the difference which subsists be- 
ll low notes and high ; so that the smaller the 
ber of vibrations or strokes produced in a given 
, say a second, the lower we estimate that 
; and the greater the number of sush vibra- 
to highly probable thai there. are sounds which from their extreme 
m are quite inaudible to human ears, bat which may nevertheless 
m Um issrtinm of lofsUlfsttos to inferior animal*.— A tn, JMitor. 
3L. I— D 
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tions, the higher is the note. The perception of a 
simple musical sound may, therefore, be compared 
to a series of dots equidistant from each other, as 



greater or smaller, the sound produced will be lower 
or higher. It cannot be doubted, that the percepjjhn 
of a simple sound is somewhat similar or anawgOwi 
to the sight of such a scries of dots equidistant mm 
each other : we are enabled thus to represent to the 
eye what the ear perceives on hearing sound. If 
the distances between the dots were not equal, or 
were these dots scattered about confusedly, they 
would be a representation of a confused noise, in- 
consistent with harmony. This being laid down, let 
us consider what effect two sounds emitted at once 
must produce on the ear. First, it is evident, that if 
two sounds are equal, or if each performs the same 
number of vibrations in the same time, the ear will 
be affected in the very same manner as by a single 
note ; and in music these two notes are said to be 
in unison, which is the simplest accord : we mean 
by the term accord the blending of two or more 
sounds heard at once. But if two sounds differ in 
respect of low and high, we shall perceive a mix- 
ture of two series of strokes, in each of which the 
intervals are equal among themselves, but greater 
in the one than in the other ; the greater intervals 
corresponding to the lower note, and the smaller to 
the higher. This mixture, or this accord of two 
notes, may be represented to the eye by two aerie) 
of dots arranged on two lines A B and C D : 
123456780 10 11 



1 2 3 4 5 6 7 8 9 10 11 18 
and in order to form a just idea of these two series, 
we must have a clear perception of the order which 
subsists among them ; or, in other words, of the re- 
lation between the intervals of the one line andof tbs 



If the intervals between these dots be 



A 

C 



B 

D 
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other. Having numbered and marked the dots of 
each line, and placed No. 1 under No. 1, those 
marked with the figure 2 will not exactly correspond, 
and still less those marked 3: but we find No. tl 
exactly over No. 13 ; from which we discover that 
Ihe higher note makes 12 vibrations, and the other 
only II. If we had not affixed the figures, the eye 
uould hardly have perceived this order: it is the 
same with the ear, which would with much difficulty 
have traced it in the two notes which I have repre- 
sented by two rows of dots. But in the following 
figure, 



you discover at the first glance that the upper line 
contains twice as many dots as the under, or that 
the intervals in the under line are twice as groat as 
those of the upper* This is undoubtedly, next to 
unison, the simplest of all cases in which you can 
at once discover the order which subsists between 
these two series of dots ; and the same thing holds 
with respect to the two notes represented by these 
two lines of dots ; the number of vibrations con- 
tained in the one will be precisely the double of the 
vibrations contained in the other, and the ear will 
easily perceive the pleasing relation of these two 
sounds ; whereas, in the preceding case, it was ex- 
tremely difficult, if not impossible, to discriminate. 
When the ear readily discovers the relation subsist- 
ing between two notes, their accord is denominated 
constmanrr ; and if it be very difficult, or even im- 
possible to catch this relation, the accord is termed 
(fuson/mce* The simplest consonance, then, is that 
In wine: 1 1 the high note produces precisely twice as 
many vibrations as the low note. This consonance, 
m the language of music, is called octane — every one 
knows what it means ; and two notes which differ 
pffccisely an octave harmonize so perfectly, and 
such a complete resemblance, that musicians 



40 



Oft UNISON AND OCTAVE*. 



mark them by the same letters. Hence it is that 
church-music the women sing an octave higher ti 
the men, and yet imagine they are uttering the sai 
sounds. You may easily ascertain the truth of t] 
by touching the keys of a harpsichord, when y 
will perceive with pleasure the delightful accord 
all the notes which are just an octave distal 
whereas any other two notes whatever will atari 
the ear less agreeably. 
mh April, 1760. 



LETTER V. 

Of Unison and Octaves. 

You have by this time remarked, that the accc 
which musicians call an octave strikes the ear ii 
manner so decided, that the 1 slightest deviation 
easily perceptible. Thus, having touched the k 
marked F, that marked f, which is an octave high 
is easily attuned to it, by the judgment of the * 
only. If the string which is to produce this note 
ever so little too high or too low, the ear is instan 
offended ; and nothing is easier than to put the fr 
keys perfectly in tune. Thus we observe, that 
singing the voice slides easily from one note to 1 
Other, which is just an octave higher or lower. I 
were it required to pass immediately from the n< 
F to the note d, for example, an ordinary sing 
might easily fall into a mistake, unless assisted 
an instrument. Having fixed the note F, it is alm< 
impossible all at once to make the transition to 1 
note d. What then is the reason of this different 
that it is so easy to make note f harmonize w. 
note F, and so difficult to make note d accord w: 
it ? The reason is evident from the remarks alrea 
made : It is this, that note F and note f make 
octave, and that the number of vibrations of note 
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Is precisely double that of note F. In order to have 
the perception of this accord, you have only to con- 
sider the proportion of one to two, which, as it in- 
stantly strikes the eye by the representation of the 
dots 1 formerly employed, affects the ear in a similar 
manner. You will easily comprehend, then, that 
the more simple any proportion is, or expressed by 
small numbers, the more distinctly it presents itself 
to the understanding, and conveys to it a sentiment 
of satisfaction. Architects likewise carefully attend 
to this maxim, as they uniformly employ in their 
works proportions as simple as circumstances per- 
mit. They usually make the height of doors and 
windows double the breadth, and endeavour to em- 
ploy throughout proportions capable of being ex- 
pressed by small numbers, because this is obvious 
and grateful to the understanding. The same thing 
holds good in music : accords are pleasing only in 
so far as the mind perceives the relation subsisting 
between the sounds ; and this relation is so much 
more easily perceptible as it is expressed by small 
numbers. Now, next to the relation of equality, 
which denotes two sounds in unison, the ratio of 
two to one is undoubtedly the most simple, and it is 
this which furnishes the accord of an octave : hence 
it is evident, that this accord possesses many advan- 
tages above every other consonance. Having thus 
explained the accord, or interval of two notes de- 
nominated by musicians an octave, let us consider 
several notes, as F, f, 7; % f , each of which is an oc- 
tave higher than the one immediately preceding: 
since then the interval of F from f, of f from 7, of 7 
from x of f from \ is an octave, the interval of F 
to 7 will be a double octave, that of F to ? a triple 
octave, and that of F to 7 a quadruple octave. Now, 
while note F makes one vibration, note f make* 
two, note r makes four, note 7 makes eight, and 
note - f makes sixteen : hence we see, that as an oc- 
tave corresponds in the relation of i to % a dsw&Aft 
V2 
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octave must be in the ratio of 1 to 4, a triple in that 
of 1 to 8, and a quadruple in that of 1 to 16. And 
the ratio of 1 to 4 not being so simple as that of 1 
to 2, for it does not so readily strike the eye, a .dou- 
ble octave is not so easily perceptible to the ear 88 
a single ; a triple is still less perceptible, and a quad- 
ruple still much less so. When, therefore, in tuning 
a harpsiehord, you have fixed the note F, it is not so 
easy to attune the double octave 7 as the single f ; 
it is still more difficult to attlne the triple octave*^ 
and the quadruple 7 without rising through the inter- 
mediate octaves. These accords are likewise com- 
prehended in the term consonance ; and as that of 
unison is most simple, they may be arranged accord- 
ing to the following gradations : — 

1. Degree, unison, indicated by the relation of 1 to 1. 

IT. Degree, the immediate octave, in the ratio of 1 to 3. 
Dl. Degree, the double octave, in that of 1 to 4. 
TV. Degree, the triple octave, in that of 1 to 8. 

V. Degree, the quadruple octave, in that of 1 to 16. 
VJ. Degree, the quintuple octave, in that of 1 to 39. 

And so on as long as sound is perceptible. Such 
are the accords denominated consonances, to the 
knowledge of which we have been thus far con- 
ducted ; but hitherto we know nothing of the other 
species of consonance, and still less of the disso- 
nances employed in music. Before I proceed to the 
explanation of these, I must add one remark respect- 
ing the name octave, given to the interval of two 
notes, the one of which contains twice the vibrations 
contained in the other. You see the reason of it in 
the principal stops of the harpsichord, which rise by 
seven degrees before you arrive at the octave C, l5, 
E, F, G, A, B, c, so that stop c is the eighth, reck- 
oning C the first. And this division depends on a 
certain series of musical intervals, the nature of 
which shall be unfolded in the following Letters* 
Zd May, 1760. 
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LETTER VI. 

Of other Consonances. 

It may be affirmed, that the relations of 1 to 2, of 
1 to 4, of 1 to 8, of 1 to 16, which we have hitherto 
considered, and which contain the progression of 
octaves, are all formed by the number 2 only ; since 
4 is 2 times 2 ; 8, 2 times 4 ; 16, 2 times 8. Were 
we to admit, therefore, the number 2 alone into 
music, *we should arrive at the knowledge of only 
the accords or consonances, which musicians call 
the single, double, or triple octave ; and as the num- 
ber 2, by its redublication, furnishes only the num- 
bers 4, 8, 16, 32, 64, the one being always double the 
preceding, all other numbers would remain unknown. 
Now, did an instrument contain octaves only, as the 
notes marked C, c, % 1> and were all others ex- 
cluded, it could not produce an agreeable music, on ac- 
count of its too great simplicity. Let us introduce, 
then, together with number 2, the number 3 like- 
wise, and observe what accords or consonances would 
be the result. The ratio of 1 to 3 presents at once 
two sounds, the one of which makes 3 times more 
vibrations than the other in the same time. This 
ratio is undoubtedly the most easily to be compre- 
hended, next to that of 1 to 2; it will, accordingly, 
furnish very pleasing consonances, but of a nature 
totally different from that of octaves. Let us sup- 

r>se, then, that in the proportion of 1 to 3, number 
corresponds to note C ; since note c is expressed 
by number 2, number 3 gives a sound higher than 
c, but at the same time lower than note ^ which cor- 
responds to number 4. Now, the note expressed by 
3 is that to which musicians affix the letter £, and 
they denominate the interval from c to g, a fifth, be- 
cause in the k^p of a harpsichord that .of &\a ft* 
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fifth from c, as c, d, e, f, g. If then number 1 pro- 
duces the sound C, number 2 will give c ; number 
3 gives g, number 4 the note ^ ; and note 7 being 
the octave of g, the number corresponding to it will 
he 2 times 3, or 6. Rising still an octave, the sound 
J will correspond to a number twice greater, that is 
12. ■ All the notes with which the two numbers 2 
and 3 furnish us, indicating note C by 1, therefore, axe, 
C, c, g» c, g, c, §, % 
1, 2, 3, 4, 6, 8, 12, 16. 
Hence it is clear, that the ratio of 1 to 3 expresses 
an interval compounded of an octave and a fifth; 
and that this interval, on account of the simplicity of 
the numbers which represent it, must be, next to the 
octave, the most grateful to the ear. Musicians 
accordingly assign the second rank among conso- 
nances to the fifth ; and the ear catches it so easily, 
that there is no difficulty in tuning a fifth. For this 
reason, in violins, the four strings rise by fifths, the 
lowest being g, the second l, the third », and the 
fourth ^ ;* and every musician puts them in tune by 
the ear only. A fifth, however, is not so easily 
tuned as an octave $ but the fifth above the octave, 
as from C to g, being expressed by the proportion oi 
1 to 3, is more perceptible than a simple fifth, as 
from C to G, or from c to g, which is expressed bf 
the proportion of 2 to 3 : and it is likewise kno#ftV 
by experience, that having fixed the note C, it 2s 
easier to attune to it the higher fifth g than the sim- 
ple G. If unity had marked the note F, number 3 
would mark the note 7 , so that 
F, f, % 1 % 1, t would be marked by 
1, 2, 3, 4, 6, 8, 12, where, from f to 1 the interval 
is a fifth, in the relation of 2 to 3 ; from " t to = from 
1 to % are also fifths, as the ratio of 4 to 6, and of 8 
to 12, is the same as that of 2 to 3. For if two 
strings perform, in the same time, the one 4 vibra* 
tions, the other 6, the former string will make, in a 
• T&tt Is. tn to Isvgstr of Mbytes, ^jtfftta, 'mL 
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time equal to half the first space of time, two vibra- 
tions ; and the second, in the same time, will make 
three. Now the sounds emitted from these strings 
are the same in both cases ; of consequence, the re- 
lation of 4 to 6 expresses the same interval as that 
of 2 to 3, that is, a fifth. Hence we have arrived at 
the knowledge of another interval contained in the 
ratio of 8 to 4, which is that of r to i; and conse- 
quently also, of c to f, or of C to F. Musicians call 
it a fourth ; and being expressed by greater numbers, 
it is not so agreeable, by a great deal, as the fifth, 
and still less so than the octave. Number 3 having 
furnished us new accords or consonances, namely, 
the fifth and the fourth, before we call in any others, 
let us take it again three times, in order to have the 
number 9, which will give a higher note than note 
3, or i one octave and one fifth. Now, i is the oc- 
tave of ?, and 7 the fifth of i ; number 9 then gives 
the note so that % % |will be marked by 

6,8,9,12; and if these notes be 
taken in the lower octaves, the relations remaining 
the same, we shall have, 

C,F, G; c, f, g; c, ?, g; c, f, g; c, 

6, 8. 9; 12, 16, 18; 24, 32, 36; 48, 64, 72; 96; 
which leads us to the knowledge of new intervals. 

The first is that of F to G, contained in the ratio 
of 8 to 9, which musicians call a second, or tone. 
The second is that of G to f, contained in the ratio 
of 9 to 16, called a. seventh ; and which is one second, 
or one tone less than an octave. These proportions, 
being already expressed by very great numbers, are 
not reckoned among the consonances; and musi- 
cians call them dissonances or discords. 

Again, if we take three times the number 9, or 
87, it will mark a tone higher than « , and precisely a 
fifth higher than g ; it will be accordingly the tone ? » 
and its octave f will correspond to twice the num- 
ber 87 v or 64, and its double octave I to twice tb& 
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number 54, or 108. Let us represent these tones 
some optaves lower, in the manner following : 
C, D, F, G; c, d, f, g; c, d, ?, 
24, 27, 32, 36; 48, 54, 64, 72 ; 96, 108,128, 

- a a a a 2 

g; c, d, f, g; c. 
144; 192, 216, 256, 288; 384. 

Hence we see, that the interval from D to F is 
contained in the ratio 27 to 32, .md that of F to d in 
the ratio of 32 to 54, the two terms of which are 
divisible by 2 ; and then, in place of this relation, 
we have that of 16 to 27. The first interval is called 
a tierce minor, or lesser third, and the other a greater 
sixth. The number 27 might be still further multi- 
plied by 3 ; but music extends not so far, and we 
limit ourselves to number 27, resulting from 3 mul- 
tiplied three times by itself: other musical tones still 
wanting are introduced by means of number 5, and 
shall be explained in my next Letter. 

3d May, 1760. 



LETTER VII. 

Of the Twelve Tones of the Harpsichord. 

• The present subject of my correspondence with 
your highness is so dry, that I begin to apprehend it 
may be growing tiresome. That I may not waste 
too much time on it, and be relieved from the neces- 
sity of recurring frequently to a topic so uninterest- 
ing, I send you by this conveyance three Letters at 
once. My intention in undertaking it was to render 
visible the real origin 6i musical notes, with which' 
musicians themselves are almost totally unac- 
quainted. It is not to theory they are indebted for 
the knowledge of all these sounds, but rather to the 
secret power of genuine harmony, operating so effi- 
caciously on their ears, that they have been con- 
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strained, if I may be allowed to say it, to receive 
tones actually jn use, though they are not hitherto 
perfectly agreed respecting their just determination. 
The principles of harmony are ultimately reducible 
to numbers, as I have demonstrated ; and it has been 
remarked, that the number 2 furnishes octaves only, 
so that having fixed, for example, the note F, we are 
conducted to the notes f, % ? f . The number 3 after- 
ward furnishes C, c, £ ^ f, which differ one fifth from 
the preceding series ; and the repetition of this same 
number 3 furnishes again the fifths of the first, 
namely, G, g,£ g f ; and finally, the third repetition 
of this number 3 adds further the notes D, d, r, f, ? • 
The principles of harmony then, being attached to 
simplicity, seem to forbid our pushing farther the 
repetition of number 3 ; hitherto, accordingly, we 
have only the following notes to each octave : 
F, G, c, d, f, 

16, 18, 24, 27, 32 ; which certainly would not fur- 
nish a very copious music. But let us introduce, in 
addition to these, number 5, and observe the tone 
which shall emit five vibrations while F emits only 
one. Now f makes two vibrations in the same time 
7 makes four, and f six. The note in question, then, 
is between and f. It is that which musicians in- 
dicate by letter r» the accord of which with note 7 is 
denominated a greater third, and is found to produce 
a very agreeable concord, being expressed by the 
very simple ratio of 4 to 5. Further, note 7 with 
note • produces an accord contained in the ratio of 
6 to 6, which is almost as agreeable as the former, 
aud which is denominated a lesser third, represented 
by the ratio of 27 to 32, and its difference from the 
first is almost imperceptible to the ear. This same 
number 5 being applied to the other notes, G, c, d, 
will give us, in like manner, their greater thirds, 
taken in the second octave below, that is to say, the 
notes 5 ; and f, which, being transposed, will give 
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the following notes, with their correspond^ 
ben: 

F, Fs, G, A, B, c, d, e, 
198, 135, 144, 160, 180, 192, 216, 24C 
Take away the notes Fs, and you will ha 
principal touches of the harpsichord, which, ; 
ing to the ancients, constitute the genus denon 
diatonic, resulting from number 2, from nun 
thrice repeated, and from number 5. Adi 
these sounds only, we are in a condition to cc 
harmonies very agreeable and various, the 
of which is founded on the simplicity alone 
numbers corresponding to the notes. Finalb 
applying a second time the number 5, we si 
furnished with the thirds of the four new to: 
E, B, Fs, which we have just found, we shal 
the notes, Cs, Gs, Ds, and B, so that now the 
is completed of the 12 tones received in musi< 
these tones derive their origin from the thre 
bers 2, 3, and 5, multiplying 2 by itself, as ol 
the octaves require ; but we carry the multipl 
of 3 only to the third stage, and of 5 to the s 
All the tones of the first octave are contained 
following table, in which you will see how the 
mental numbers, 2, 3, and 5, enter into the co 
tion of those which express the relation of these 



ut or C 


2, 2, 2, 2, 2, 


2, 2, 


3 . . 


384 


ut # Cs 


2, 2, 2, 2, 5, 


5 . 




400 


re D 


2, 2, 2, 2, 3, 


3,3 




432 


re # Ds 


2, 3, 3, 5, 5 






450 


mi E 


2, 2, 2, 2, 2, 


3, 5 




480 


fa F 


2, 2, 2, 2 n 2, 


2, 2, 


2,2 ." ; 


512 


fa # Fa 


S2, 3, 3, 3, 3, 


5 . 




540 


sol G 


!2, 2, 2, 2, 2, 


2, 3, 


3 . . . 


576 


sol # Gs 1 


2, 2, 2, 3, 5, 


5 . 




600 


la A \ 


2, 2, 2, 2, 2, 


2, 2, 


5 . . . 


640 


sib. B[> 


3, 3, 3, 5, 5 






675 


sin Bgr 

ut c : 


*2, 2, 2, 2, 3, 


3, 5 




720 


2,2,2, 2, 2, 


2, 2, 


3,3 .' 


768 
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While note C makes 384 vibrations, the tone Cs 
gives 400, and the others as many as are marked by 
their corresponding numbers : note c will give, then, 
in the same time, double the number of vibrations 
marked by 384, that is 768. And for the following 
octaves, you have only to multiply these numbers by 
2, by 4, or by 8. Accordingly, note ? will give twice 
768, or 1536 vibrations ; note f twice 1536, or 3079 
vibrations ; and note f twice 3072, or 6144 vibrations. 
In order to comprehend the formation of sounds by 
means of these numbers 2, 3, and 5, it must be re- 
marked, that the points placed between the numbers 
in the preceding number signify that they are multi- 
plied into each other ; thus, taking the tone Fs, for 
example, the expression 2, 2, 3, 3, 3, 5, signifies 2 
multiplied by 2, that product by 3, that again by 3, 
that again by 3, and tjiat by 5. Now 2 by 2 make 4, 
that by 3 make 12, that by 3 make 36, that by 3 make 
108, and that by 5 make 540. Hence it is seen that 
the differences between these tones are not equal 
among themselves ; but that some are greater, and 
others less. This is what real harmony requires. 
The inequality, however, not being considerable, we 
commonly look on all these differences as equal, 
denominating the interval from one note to another 
semitone ; and thus the octave is divided into 12 semi- 
tones. Many modern musicians make them equal, 
though this be contrary to the principles of harmony, 
because no on* fifth or third is perfectly exact,, and 
the effect is the same as if these tones were not per- 
fectly in tune. They likewise admit, that we must 
give up exactness of accord in order to obtain the 
advantage of equality of semitones, so that the trans- 
position from any one tone whatever to another may 
in no respect injure the melody. They acknowledge, 
however, that the same piece played in the tone Q 
or a half-tone higher, that is Cs, must considerably 
affect its nature. It is evident, therefore* that in 
fact all semitones are not equal, whatever effort* 

Vol. L— E 
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may be made by musicians to render them such ; 
because true harmony resists the execution of a de- 
sign contradictory to its nature. Such, then, is the 
real origin of the musical notes already in use ; they 
are derived from the numbers 2, 3, and 6. Were we 
further to introduce number 7, that of the tones of 
an octave would be increased, and the art of music 
carried to a higher degree of perfection. But here 
the mathematician gives up the musician to the 
direction of his ear. 
U May, 1760. 



LETTER Vm. 

Of the Pleasure derived from fine Music. 

It is a question as important curious, whence is 
it that a fine piece of music excites a sentiment of 
pleasure ? The learned differ on this subject. Some 
pretend that it is mere caprice, and that the pleasure 
produced by music is not founded on reason, because 
what is grateful to one is disgusting to another. Far 
from deciding the question, this renders it 6nly more 
complicated. The very point to be determined is, 
how comes it that the same piece of music produces 
effects so different, since all admit that nothing hap- 
pens without reason? Others maintain that the 
pleasure derived from fine music consists in the per- 
ception of the order which pervades it. This opinion 
appears at first sight sufficiently well founded, and 
merits a more attentive examination. Music pre- 
sents objects of two kinds, in which order is essen- 
tial. The one relates to the difference of the sharp 
or flat tones ; and you will recollect, that it consists 
in the number of vibrations performed by each note 
in the same time. This difference, which is percep- 
tible between the quickness of the vibrations of all 
sounds, is what is properly called harmony. The 
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effect of a piece of music, of which we feel the re- 
lations of the vibrations of all the notes that com- 
pose it, is the production of harmony. Thus, two 
notes which differ an octave excite a perception of 
the relation of 1 to 2 ; a fifth, of that of 2 to 3 ; and 
a greater third, of that of 4 to 5. We comprehend, 
then, the order which is found in harmony, when we 
know all the relations which pervade the notes of 
which it is composed ; and it is the perception of the 
ear which leads to this knowledge. This perception, 
more or less delicate, determines why the same 
iarmony is felt by one, and not at all by another, es- 
pecially when the relations of the notes are expressed 
by somewhat greater numbers. Music contains, be- 
sides harmony, another object equally susceptible of 
order, namely, the measure, by which we assign to 
every note a certain duration ; and the perception 
of the measure consists in the knowledge of this 
duration, and of the relations which result from it. 
The drum and tymbal furnish the example of a music 
in which measure alone takes place, as all the notes 
are equal among themselves, and then there is no 
harmony. There is likewise a music consisting 
wholly in harmony, to the exclusion of measure. 
This music is the choral, in which all the notes are 
of the same duration ; but perfect music unites har- 
mony and measure. Thus the connoisseur who hears 
a piece of music, and who comprehends, by the 
acute perception of his ear, all the proportions on 
which bdth the harmony and the measure are 
founded, has certainly the most perfect knowledge 
possible of that music : while another, who perceives 
these proportions only in part, or not at all, under- 
stands nothing of the matter, or possesses at most 
a very slender knowledge of it. But the sentiment 
of pleasure excited by fine music must not be con- 
founded with the knowledge of which I have been 
speaking, though it may be confidently affirmed, that 
a piece of music cannot oroduce any, unless the 



52 PLEASURE DERIVE* FROM FINE MUSIC. 

relations of it are perceived. For this knowledge 
alone is not sufficient to excite the sentiment of 
pleasure ; something more is wanting, which no one 
hitherto has unfolded. In order to be convinced 
that the perception alone of all the proportions of a 
piece of music is insufficient to produce pleasure, 
you have only to consider music of a very simple 
construction, such as goes in octaves alone, in which 
the perception of proportions is undoubtedly the 
easiest. Such music would be far from conveying 

eeasure, though you might have the most perfect 
lowledge of it. It will be said, then, that pleasure 
requires a knowledge not quite so easily attained — 
a knowledge that occasions some trouble ; which 
must, if I may use the expression, cost us something. 
But, in my opinion, neither is this a satisfactory so- 
lution. A dissonance, the relations of which are 
expressed by the highest numbers, is caught with 
more difficulty ; a series of dissonances, however, 
following without choice, and without design, can- 
not please. The composer must therefore have 
pursued in his work a certain plan, executed in real 
and perceptible proportions. Then a connoisseur, on 
hearing such a piece, and comprehending, besides 
the proportions, the very plan and design which the 
composer had in view, will feel that satisfaction 
which constitutes the pleasure procured by exquisite 
music to an ear accustomed to relish the beauties 
and delicacies of that enchanting art. It arises, 
then, from divining in some measure the views and 
feelings of the composer, whose execution, when 
fortunate, fills the soul with an agreeable sensation. 
It is a satisfaction somewhat similar to that which 
is derived from the sight of a well-acted pantomime, 
in which you may conjecture, by the gesture and 
action, the sentiments and dialogue intended to he 
expressed, and which presents besides a well- 
digested plan. The enigma of the chimney-sweeper, 
which was so diverting to your highness, furnishes 
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me with another excellent comparison. When you 
can guess the sense, and discover that it is perfectly 
expressed in the proposition of the enigma, you feel 
a very sensible pleasure on making the discovery ; 
but insipid and incongruous enigmas produce none. 
Such are, if I may be permitted to judge, the true 

{>rinciples on which decisions respecting the excel- 
ence of musical compositions are founded. 
6th May, 1760. 



LETTER IX. 

Compression of the Atr. 

The explanation of sound, which I have had the 
honour to present to your highness, leads me for- 
ward to a more particular consideration of air, 
which, being susceptible of a movement of vibration, 
such as that by which musical strings, bells, and 
other sonorous bodies are agitated, transmits the 
concussion to our ears. It will be immediately 
asked, what is air ? For it does not appear at first 
sight to be a material substance. As we perceive 
no sensible body in it, surrounding space seems to 
contain no matter whatever. We feel nothing ; we 
can walk, and move every limb in it, without expe- 
riencing the slightest obstacle. But you have only 
to move your hand briskly to be sensible of some 
resistance, and even to perceive a stream of wind 
excited by that rapid movement. Now the wind is 
nothing else but air put in motion ; and seeing it is 
capable of producing effects so surprising, how is it 
possible to doubt that air is a material substance, 
and consequently a body ? For the terms body and 
matter are synonymous.* 

* Body rather implies a quantity of matter in some definite shape, so 
as to be easily considered as distinct from other matter, as the earth, a 
alone, a bullet, &c.—Am. Ed. 
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Body is divided into two great classes, solid and 
fluid.* The air, it is evident, must be referred to the 
class of fluids. It has several properties in com- 
mon with water ; but it is much more subtile and 
fine. Experiments have ascertained that air is 
about 800 times more subtile and more rarefied than 
water ; and that if air were to be rendered 800 times 
denser than it is, it would have the same consistency 
as the other fluid.f A principal property of air, by 
which it is distinguished from other fluids, is its 
quality of being compressed, or reduced into a 
smaller space. This is demonstrated by the follow- 
ing experiment : Take a tube of metal or glass 
ABCD Fig. 2, close shut p ig 2 

at the end A B, and open at a g * 

the other, into which is in- [ B 1 p D 

troduced a piston P, filling i^fi " 
exactly the cavity of the 

tube. On pushing the piston inwards, when it has 
arrived at the middle E, the air which occupied at 
first the cavity ABCD will be reduced one-half, 
and consequently will have become twice as dense. 
If the piston is pushed still farther in, as far as F, 
half-way between B and E, the air will be reduced 
to a space four times smaller than at first ; and if 
you continue to drive forward the piston to G, so 
that B G shall be the half of B F, or the eighth part 
of the whole length B D, the same air which in the 
beginning was expanded over the whole cavity of 
the tube will be contracted to a space eight times 
smaller. Going on in the same manner to contract 
it into a space 800 times smaller, you will obtain an 
air 800 times denser than ordinary air. It would 

* Matter is generally considered to exist in one of three classes or 
form*, viz. solid, liquid, or aeriform. The same kind of matter is occa- 
sionally found in each of these forms, as In the case of ice, water, and 
steam.— Am. Ed. 

t It by no means follows, that because water is 800 times more dense 
Chan air, the latter if condensed to l-800th pan of tea balk would h««m— 
liquid like water.-jlm. Ed. wow " 
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then be as dense as water, which it would be easy 
to prove by other experiments. Hence it appears 
that air is a fluid substance, capable of compression, 
or, in other words, of being reduced to a smaller 
space ; and in this respect it differs entirely from 
water. For let the tube A B C D be filled with this 
last fluid, and attempt to introduce the piston, you 
will find it impossible to drive it forward. Employ 
what force you may, you will gain nothing; the 
tube will burst sooner than you can reduce the water 
to a space sensibly smaller. This then is the es- 
sential difference between air and water : the latter 
is susceptible of no compression, but air may be 
compressed to any degree you please. The more 
the air is compressed the denser it becomes : thus 
the air which occupied a certain space, when com- 
pressed or reduced to half that space, becomes twice 
as dense ; if reduced to a space 10 times smaller, it 
is rendered 10 times more dense ; and so on. I have 
already remarked, that could it be rendered 800 
times more dense, it would the^be as dense as water, 
and consequently as heavy ; for weight increases in 
the same proportion as density. Gold, the heaviest 
substance with which we are acquainted,* is like- 
wise the most dense. It is found by experiment to 
be 19 times heavier than water : so that a mass of 
gold in the formf of a cube of one foot would weigh 
19 times a mass of water of the same dimensions. 
Now such a mass of water weighs 70 pounds ; the 
mass of gold therefore would weigh 19 times 70, 
that is, 1330 pounds. It follows, that were it pos- 
sible to compress air till it were reduced to a space 
19 times 800, that is, 15,200 times smaller, it would 
become as dense and as weighty as gold. 

But it is very far from being possible to carry the 
compression of air to that degree. You may at first 
without difficulty drive forward the piston, but the 

* Platinum, a metal discovered aiaoe this was written, la VI tinm 
batter than water.— .Ed. 
T Tto/orm j» uoeetoothU^Am. Ed. 
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farther you advance, the resistance becomes more 
powerful ; and before you are able to reduce the air 
to a space 10 times smaller, such a force must be 
employed as would burst the tube, unless it we*e 
of uncommon strength. And not only would such a 
force be necessary to drive the piston farther, but 
an equal force would be requisite to keep it in that 
state ; for on the slightest relaxation of the power, 
the compressed air would drive it backward. The 
more compressed the air is, the more violent are its 
efforts to expand, and to recover its natural state. 
This is what we call the spring or elasticity of the 
air, of which I propose to treat in my next Letter. 
10th May, 1760. 



LETTER X. 
Rarefaction and Elasticity of the Air. 

I have remarked, that air is a fluid about 800 times 
more subtile than water; so that could water, with- 
out being reduced to vapour, be expanded over a 
space so many times greater, and could it become 
of consequence so many times more subtile, it 
would be of a similar consistence with the air which 
we breathe. But air has a property which water 
has not, that of suffering compression into a smaller 
space, and of being proportionably condensed, as I 
demonstrated in the preceding letter. And we dis- 
cover in air another property no less remarkable : 
it is capable of being expanded over a greater space, 
and thus rendered still more subtile. This opera- 
tion is called the rarefaction of air. 

You ha^e only to take, as before, a tube A B C D, 
Fig. 3, at the bottom of «• „ 

which A C let there be a A ^ g ' , 
small aperture 0, so that, _j — & \ « 

on introducing the piston ^V~ # q a j > 
*s far as to E Fj the air 
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may escape by that aperture without being con- 
densed. The air which now occupies the cavity 
A C E F will then he hi its natural state ; let the 
aperture be closely slopped* On drawing back 
the piston, the air will gradually expand through the 
greater space, so that when the piston is brought 
back to the point G, the space C G being double the 
space C F, the same air which was contained in the 
space A C E I 1 will fill a space twice as great ; it 
will be of course only half as dense, or, which is 
the same thing, twice as rare. If you draw back 
the piston to the point H, the space C H being four 
times as great as the space C F, the air will be- 
come four times as rare as it was at first, as it is 
then expanded over a space four times as great. 
And could the piston he drawn back till the space 
became 1000 titties as great, the air would still 
equally expand through that space, and consequently 
become 1000 times as rare. Here then, likewise, 
air differs essentially from water: for if the cavity 
A C E F were filled with water, to no purpose 
would you draw back the piston ; the water would 
continue to occupy the same space as at first, and 
the rest would remain empty. Hence we, see that 
the air possesses an intrinsic power of expanding 
itself more and more, which it exerts not only when 
it is condensed, but also when rarefied. In what- 
ever state of condensation or rarefaction the air 
may be, it makes unremitting efforts to extend itself 
over a larger space, and is continually expanding so 
long as it meets no obstacle. This property is 
called the elasticity of air ; and it has been demon- 
strated, by experiments which 1 shall presently de- 
scribe, that this elastic power is in proportion to 
the density; in other words, the more the air is 
condensed, the greater are Us efforts to expand 
itself; and the more rarefied it is, the feebler are 
th use effo r ts . It will be demanded, perhaps, why the 
uir now in my chamber does not make its escape toj 
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the door, being endowed with an expansibility con- 
tinually impelling it to occupy a greater space 1 The 
answer is obvious. This would infallibly happen 
did not the external air make equal efforts to extend 
itself ; but the efforts of the air of the chamber te 
get out, and that of the external air to preBS in, 
being equal, they balance each other, and remain in a 
state of rest. Had the external air accidentally ac- 

S' lired a greater decree of density, that is, more 
asticity, it would in part force its way into the 
chamber, where the air, being compressed, would 
likewise acquire a greater degree of elasticity ; this 
current would accordingly last till the elasticity of 
the internal became equal to that of the external air. 
And should the air of the chamber suddenly become 
more dense, and its elasticity greater than that of 
the external air, it would force its way out ; and its 
density gradually diminishing, its elasticity too would 
diminish, till it became equal to the external air ; the 
current would then cease, and the air in the cham- 
ber would be in equilibrium with the external. Free 
air, then, is in a state of rest only when it has the 
same degree of elasticity with that which surrounds 
it ; and as soon as that of the one tract becomes 
more or less elastic than the adjoining, the equi- 
librium can no longer subsist ; but if the elasticity is 
greater, the air will expand itself, and slide into 
spaces where it is smaller : and from this motion 
of the air results the wind. Hence it comes to pass 
that the elasticity of the air is sometimes greater, 
sometimes less, in the same place ; and this variation 
is indicated by the barometer, the description of 
which merits a particular consideration. I confine 
myself at present to these qualities of air, its con- 
densation and rare/action, entreating you to recollect, 
that the more condensed it is, the greater power of 
expansion or elasticity it acquires; and that, on 
the contrary, the more it is rarefied, the more this 
quality is diminished. Experimental philosophers 
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have invented one machine for rarefying air, and 
another for condensing it : the former is called the 
air-pump, the latter the condenser. These machines 
serve to perform many curious experiments, with 
which you are already well acquainted. I reserve 
to myself, however, the liberty of recapitulating 
some of them, because they are necessary to eluci- 
date and explain the nature and properties of air, 
which, as they powerfully contribute to the pres- 
ervation of animals, and the production of plants, 
press upon us the importance of forming a iust idea 
of them. 
Uth May, 1760. 



LETTER XI. 

Gravity of the Air. 

I have endeavoured to demonstrate that the air 
is a fluid, endowed with the particular property of 
suffering compression into a smaller space, and of 
expanding into a greater, when no obstacle inter- 
poses. This property of air, known by the name of 
spring, or elasticity, from its resemblance to a spring, 
which it requires an effort to unbend, and which re- 
sumes its form as soon as the effort ceases, is accom- 
panied by another, in common to it with all bodies 
in general, namely, gravity or weight, in virtue of 
which all bodies tend towards the centre of the earth, 
and by which they are under the necessity of falling 
down, unless supported. The learned are very much 
divided, and very uncertain, respecting the primary 
and mechanical c?.use of this power ; but its exist- 
ence is indubitable. Daily experience evinces it. 
We know even the quantity of it, and can measure 
it exactly. For the weight of a body is nothing else 
but the power which constrains it to descend ; and 
as the weight of every body may be exactly xcraa- 
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ured, we know perfectly well the effect of gravil 
though the cause, or that invisible power which a< 
upon all bodies, forcing them to descend, may 
absolutely unknown to us. It follows, that the mo 
matter any body contains, the heavier it is. Gc 
and lead are heavier than wood or feathers, as th 
contain more matter in the same bulk, or in the sai 
extent. But as air is a very subtile and thin si 
stance, and its gravity of consequence very little, tl 
property usually escapes our senses. Experimen 
however, may be made capable of producing f 
conviction that it possesses gravity. You have se 
how the air may H rarefied in a vessel or a tub 
and by means of the air-pump, this rarefaction m 
be carried so far as almost entirely to exhaust t 
air, and to leave the receiver sensibly a vacuui 
Or you may make a tube * 
A B C D, Fig. 4, into which n 
you introduce the piston FE, g j w _ i 
so as perfectly to touch the jj| ^ 
bottom, and to leave no air 
between the two surfaces. To perform the expe: 
ment with more advantage, let there be at the b< 
torn of the tube a little aperture G, through whi< 
the air may escape as the piston is pushed forwai 
Let the aperture then be closely stopped, that not 
parade of air may be included between the pist< 
and the bottom of the tube. Having made this i 
rangement, draw back the piston '; and the extern 
air not being able to force its way into the tut 
there will remain between the bottom of the tul 
and the piston a perfect vacuum, which may be i 
creased at pleasure by continuing to draw back tl 
piston. You may thus exclude the air contained 
a vessel ; and such vessel, reduced to a vacuui 
being tried in accurate scales, will be found to weig 
less than when filled with air. Hence we dedu( 
this very important conclusion, that the air coj 
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tained in an empty vessel* increases its weight, and 
that the air itself possesses gravity. Were the 
Teasel large enough to contain 800 pounds weight of 
water, we might discover by this experiment that 
the body of air which fills it would weigh nearly 
one pound. Hence we conclude, that air is 800 
times lighter than water. I must be understood as 
speaking of the common air which surrounds us, 
and which we breathe ; for you know, that with the 
assistance of art, air may be compressed by forcing 
it into a smaller space, and its gravity thereby in- 
creased. Were the vessel which I have mentioned 
to be filled with air compressed to twice the con- 
sistence of common air, it would weigh two pounds 
more than when empty. Were it filled with air 
800 times more compressed than- common air, it 
would weigh 800 pounds more than when empty, 
that is, as much as if it were filled with water. 
The air, then, possessing a certain degree of gravity, 
though in the natural state of this fluid its gravity 
ia extremely small, it must, however, as well as all 
other bodies, tend towards the centre of the earth, 
and consequently it presses on every thing which 



air presses downward on the inferior, and this last 
undergoes a compression from the weight of the 
whole mass of air which is above it. Hence it 
comes to pass, that in these regions the air has a 
certain degree of compression or density, which is 
the effect of the gravity of the superior air ; and that 
if the superior air had more or less gravity, the air 
which surrounds us would likewise become more or 
less dense. It is thus that the air below supports 
the weight of the superior air, and that the more we 
ascend the more it loses its density, and rarefies ; 
so that were it possible to continue to ascend, the 
air would at length be totally lost, or would become 




For this reason the superior 



* That to, emptied of all sobetances except air.— Am. Ed. 
Vol I. — F 
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so subtile and so rarefied as to be no longer pen 
tible. Were you to descend, on the contrary, 
a very deep pit, you would find the density of thi 
continually increasing, from the increase of the n 
of air pressing downward upon it. 
17/A May, 1780. 



LETTER Xn. 

Of the Atmosphere, and the Barometer, 

Having demonstrated that air is a fluid, elai 
and possessed of gravity, I proceed to remark, 1 
the earth is surrounded on all sides by this fluid, 
that the space which it fills is called the atmotph 
It would be absolutely impossible for a per 
vacuum to exist on any part of the earth's surfs 
for the air of the adjoining regions, compressed 
the weight of the superior air, and making incest 
efforts to dilate, would force itself into the em 
space and fill it. The atmosphere, therefore, ck 
pies the whole region which surrounds the eai 
the inferior air is continually compressed by 
weight of the superior air, and that until the de$ 
of elasticity which results from this compresgio 
able to form an equilibrium to the compressing poi 
Then, although this air is compressed only j 
downward direction, it produces, in virtue oi 
elasticity, efforts to expand itself, not only do 
wards, but sideways also. For this reason, the 
in a chamber is as much compressed as the exter 
which appeared a paradox to certain philosophy 
for they reasoned thus : In a chamber, the infe 
air is compressed only by the small quantity of 
perior air included in that chamber; whereas 
external air is compressed by the weight of the wt 
atmosphere, the height of which is immense, 
the difficulty is at once removed, by the prppc 
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which air possesses of expanding itself when com- 
pressed in all directions. Now the air in the cham- 
ber is at first reduced by the external air to the 
same degree of compression and elasticity with 
itself; hence, whether I am in my chamber or in the 
open air, I feel the same compression ; being always 
understood, that I mean at the same height, or at 
the same distance from the centre of the earth. For 
I have already remarked, that on getting to the sum- 
mit of a high tower, or of a lofty mountain, the 
compression of the air is less, because the weight 
of the superior air is then diminished. Various 
phenomena confirm this state of the compression 
of the air. 

Take, for instance, Fig. 5, a tube A B, close . 
at the end A, and having filled it with water, * V« 
or any other fluid, invert it so that the open 
end B may be undermost, and you will find 
that the fluid does not run out.* The elas- 
ticity of the air acting at B, in opposition to 
the fluid, supports it in the tube. But if you 
make an aperture into the tube at A, the fluid 
immediately descends ; the air which is ad- 
mitted by the aperture acts then from above, 
by its pressure upon the water, and forces it jg 
downward ; which demonstrates, that while 
the tube was close at top, it was the externa] air 
which supported the water in it. And were such a 
tube to be placed in a receiver, from which the air 
was extracted by the air-pump, the fluid would in- 
stantly descend. The ancients, to whom this prop- 
erty of air was unknown, alleged that nature sup- 
ported the water in the tube, from the horror which 
it has of a vacuum. For, said they, were the fluid 
to descend, there must be a vacuum at the upper 
end of the tube, as the air could find no admission 
into it. According to them, therefore, it was the 

♦The open end B must be kept beneath the surface of the water to 
■newer the design of the experiment, or else be so small as 10 
the passage of air and water cl the Mine time.— Am. Ed. 
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horror of a vacuum which kept the fluid suspended 
in the tube. It is now demonstrated, that it is the 
force of the air which supports the weight of the 
fluid in the tube ; and as this force has a determinate 
quantity, the effect cannot exceed a certain limit. 

It is found by experiment, that if the tube A B is 
more than 33 feet in length, water will no longer 
remain suspended in it, but will run out till it comes 
to the height of 33 feet ; the space left at the top 
will, of course, be a real vacuum. The force of the 
air then cannot support water in the tube at more 
than the height of 33 feet ; and as the same force 
supports the whole atmosphere, it is concluded that 
a column of the atmosphere is of equal weight, the 
base being equal with a column of water 33 feet 
high . I f, instead of water, you were to use mercury, 
which is 14 times heavier, the force of the air could 
support it in the tube at the height of only 28 inches ; 
and if you go beyond that, the mercury descends till 
its height corresponds to the pressure of the atmo- 
sphere, leaving the space at the top of the tube a 
vacuum. Such a tube, close above and open below, 
being filled with mercury, forms the instrument 
called the barometer, by means of which it has been 
discovered that the atmosphere is not always of 
equal gravity. For its real gravity is ascertained by 
the barometer from the height of the mercury, 
which, as it rises or falls, indicates that the density 
of the air,, or the pressure of the atmosphere is 
increasing or diminishing. 

20th May, 1760. 

LETTER XIII. 

Of Air-Guru, and the Compression of Air in Gunpowder. 

Having explained that remarkable property of air 
which is denominated compressibility, by means of 
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which it is reducible into a smaller space, we are 
enabled to give an account of several productions of 
both nature and art. I shall begin with an explana- 
tion of the air-gun, though I have no doubt but you 
are well acquainted with that instrument. Its con- 
struction is similar to that of the common gun ; but 
instead of powder, we employ condensed air to dis- 
charge the bullet. 

In order to comprehend the process of this opera- 
tion, it must be observed that air can be compressed 
only by a force proportional to the degree of con- 
densation which you wish to obtain ; in this state it 
strives to extend itself, and the efforts which it makes 
are precisely equal to the force necessary to reduce 
it to the size which it actually occupies. The more, 
then, that the air is condensed, the more violent are 
its efforts to dilate ; and if the air is raised to a den- 
sity twice as great as when it is free, which is the 
case when we reduce it to half the space which it 
occupies in its natural state, the force with which it 
endeavours to expand is equal to the pressure of a 
column of water 33 feet high. Figure to yourself 
a great cask of this height filled with water ; this 
fluid will undoubtedly make a stronger pressure on 
the bottom of the vessel. If you make a hole in it 
near the bottom, the water will force itself out with 
considerable violence ; and on stopping the aperture 
with your finger, you will be abundantly sensible of 
this pressure of the water. The bottom of the cask 
sustains throughout a similar pressure. Now a ves- 
sel containing air twice as dense as that of the atmo- 
sphere must undergo precisely such a pressure ; and 
if it were not sufficiently strong to sustain it, would 
burst. The sides, then, of this vessel must be as 
strong as the bottom of the cask I have mentioned. 
If in the same vessel the air were three times as 
dense as common air, the force with which it would 
act upon the sides must be increased in the propor- 
tion of one more, and would be the same which 
F9 
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sustained by the bottom of a cask fall of water of 60 
feet in height. You will easily conceive that this 
force must be very great, and that it must go on in- 
creasing in the same ratio, according to the different 
degrees of condensation of the air. This being laid 
down, there is at the bottom of the air-gun a cavity 
strongly fortified on all sides, into which the air is 
more and more compressed, in order to reduce it to 
as high a degree of density as the force employed 
for that purpose can admit. The air confined in this 
cavity will thereby acquire a prodigious power to 
force itself out ; and if an aperture is made, it will 
By off with a velocity proportional to that power. 
Now there is such an aperture, which terminates in 
the cavity of the tube into which the ball is put. It 
is closely stopped ; but when you wish to discharge 
the piece, you open, for an instant, the valve which 
shuts it ; and the air, rushing forth, forces out the 
ball with all the velocity which we remark in shoot- 
ing. Every time you discharge the valve is kept 
open only a single moment ; a certain quantity of 
air, therefore, and no more, can escape, and enough 
still will rem ain for several shots. But on discharge, 
its density and corresponding elasticity diminish; 
and for this reason, the latter discharges are less 
forcible than the former, till the force is at length 
entirely exhausted. Were the valve to remain open 
any considerable time, more air would make its 
escape, which would all go to waste ; for this force 
acts upon the ball only while it is in the barrel of 
the gun ; as soon as it is shot off, it is useless to 
eave a passage for the air. Hence it appears, that 
were it possible to carry the condensation of this 
fluid a great deal farther, you would produce from 
the wind-gun the same effects as from the guns 
and cannons in common use.* 

* Air-guns are now constructed to as to be used with an effect nearly 
equal to a common fowling-piece, but the accuracy necessary to toeti 
eoustruetion, renders item too expensive sAd trimtiliismim to be so* 
stitutod for common muaketa.— jL*. Ed 
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The effect of artillery is accordingly founded on 
the same principle. Gunpowder is only a substance 
which contains in its pores an air extremely con- 
densed. Nature produces here the same operations 
which we employ for compressing the air, but car- 
ries the condensation to a much higher degree. All 
that is necessary is to open the little cavities in 
which this dense air is confined, that it may have 
liberty to escape. This is performed by means of 
fire, which bursts open these little envelopes : the 
air then suddenly flies off with incredible velocity, 
and forces before it bullets and balls in a manner 
entirely similar to that which we have remarked in 
the case of the wind-gun, but with much greater 
impetuosity. Here, then, are two very surprising 
effects produced from the condensation of air, with 
this single difference, that in the one it is the work 
of art, and in the other that of nature. We see 
therefore in this, as in every thing else, how infi- 
nitely the operations of human skill are surpassed 
by those of nature.* 

34M May, 1760. 



LETTER XIV. 

The Effect produced by Heat and Cold on all Bodies, 
and of the Pyrometer and Thermometer. 

Besides the properties already mentioned, air has 
another very remarkable quality in common to it 
with all bodies, not excepting such as are solid ; I 

* The account here given of the nature of gunpowder, and or the 
effect of fire open It Is very erroneous. Air Is not imprisoned, as the 
author supposed. In tbe pores of the powder. The explosive effect of 
pin-powder Is owing to the sudden conversion of it* solid particles or 
grains Into elastic airs or gases by the toueh of fire, in consequence 
of which it expands into many thousand times its former bulk. The 
aamre of tbe gases thus rapidly formed can be understood only by at 
attention to tbe composition of the powder and tbe cbymlcal changes 
which It tmaerfoea by beat,— I**. BL 
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mean the change produced on it by heat and cold. 
It is observable, in general, that all bodies, being 
heated, dilate or increase in size. A bar of iron 
made very hot, is somewhat longer and thicker than 
when it is cold. There is an instrument called the 
pyrometer, which accurately indicates the slightest 
differences of length or shortness that a bar of iron 
undergoes to which it is applied. You know that 
in a watch some of the wheels move very slowly, 
though they communicate motion to others which 
revolve with considerable rapidity. By a similar 
mechanism it is possible, from a change almost im- 
perceptible, to produce one very considerable, as is 
the case of the pyrometer, which I have just men- 
tioned. It has an index, which runs over a very 
considerable space, on the slightest change produced 
in the length of the body on which the experiment 
is made. On applying this instrument to a bar of 
iron, or any other metal, placed over a burning lamp, 
the index is immediately put in motion, and shows 
that the bar is becoming longer ; and as the heat 
increases, the bar likewise increases in length. But 
on extinguishing the lamp, and the bar growing cold 
again, the index moves in a contrary direction, and 
thereby shows that the bar is growing shorter. The 
difference, however, is so slight, that without the 
help of this instrument it would be difficult to per- 
ceive it Yet this variation is abundantly percepti- 
ble in the motion of pendulum time-pieces. The 
use of the pendulum is to regulate the motion. If 
you lengthen it, the clock goes slower ; and if you 
shorten it, the clock goes faster. Now it is remarked, 
that in very hot weather all clocks lose time, 
and proportionably gain it in very cold weather; 
which clearly demonstrates that the pendulum is 
lengthened or shortened, according to the tempera- 
ture of the air. 

All bodies undergo this alteration ; but the quan- 
tity differs greatly, according to the nature of the 
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substance of which they are composed. In fluids, 
especially, this variability is very perceptible. To 
ascertain it, take a glass tube, B G, Fig. 6, «• fl 
joined at the end B to a hollow ball A, and 2 
let it be filled with any liquor you please up f 
to M. On heating the ball A, the liquor will 
rise from M towards C ; when it becomes * 
cold a^ain, the liquor will fall towards B. 
This clearly proves that the same liquid oc- *■ 
copies a greater space when it is heated, and a I 
smaller when cold. It is likewise clear, that I 
this variation must be more perceptible when fl 
the ball is large and the tube narrow. For if 
the whole mass of liquor increases ordimin- [ 
ishes by a thousandth part, that thousandth \*Jr 
part will occupy, in the tube, a space great in 
proportion to its narrowness. Such an instru 
ment then is exceedingly proper to indicate to us 
the different degrees of heat and cold ; for if the 
liquor rises or falls, it is a certain indication that 
the heat is increasing or diminishing. This instru- 
ment is called the thermometer? which points out 

• Or thia instrument then are three kinds now in nee, via. Foamv 
aesTs, Reaumur «, and CeUnu?$ or the nntigrade thermometer. In the 
fini of i hew, which is need in Britain and North America, the (reeling 
point ieat W>, and the boiling point at 313°, the interval being ISO*. 
In Reaumm**, which la used in Switzerland. Italy, and part of Germany, 
the scale begins at the (reeling point, and the boiling point ia placed at 
80°. the interval being 60°. In the centigrade thermometer, which is 
used in France, 8weden t and Denmark, the (reeling point ia at 0°, and 
the boiling point at 100°. 

The (reeling point of the thermometer ia immoveable, unless when 
the bulb eontalnlng the mercury has changed Ita form, which has been 
recently supposed to take place in consequence of the vacuum above the 
mercury, which exposes the bulb to the pressure of the atmosphere. 
The befltng point is, however, variable, depending oh tbe pressure of 
the atmosphere. Near the surface of the earth it varies 10 of Fahren- 
heit fbr ever)' 530 feet of altitude, or for 0*589 inches of the barometer. 
By laeasuring therefore the temperature at which water boils, we may 
determine the height of the place This method was first suggested by 
Fahrenheit and Carallo, but has been perfected by the Rev. F. J. It. 
WeUaaton, who has Riven an account of thie therinometrical barometer 
la the PkUotopkictl Trantaction* for 1817, p. 18*.— Ed. 

▲ fcortb ktad of graduation, called DeLisle-s thermometer, haa bee* 
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the changes that take place in the temperature of 
the air, and of the bodies that surround us. It must 
not be confounded with the barometer, whose me 
is to indicate the gravity of the air, or rather the 
force with which it is compressed. This caution is the 
more necessary, that the barometer and thermom- 
eter have a considerable resemblance : being both 
glass tubes filled with mercury ; but their construc- 
tion and the principles on which they are founded 
are entirely different. This quality of bodies, ex- 
tension by heat and contraction by cold, belongs 
likewise in a very superior degree to air. I shaT 
explain it at greater length in my next Letter. 
27th May, 1760. 



LETTER XV. 

Changes produced in the Atmosphere by Heat and Cold, 

Heat and cold produce the same effect on air as 
on every other body. Air is rarefied by heat, and 
condensed by cold. From what I have said of the 
elasticity of air, you easily perceive that a certain 
quantity of this fluid is not determined to occupy 
only a certain space, as all other bodies are ; but By 
its nature it has a perpetual tendency to dilate, and 
actually does expand itself, as long as it meets no 
obstacle. 

This property of air is denominated elasticity. 
When this fluid is confined in a vessel, it makes ef- 
forts in every direction to burst it ; and these efforts 
are greater or less in proportion to its condensation. 
Hence we come to this conclusion, that the elas- 
ticity of air is in exact proportion to its density; so 

used to some extent, chiefly in Russia. The scale commence* at tbt 
boiling point, and descends to the freezing, which is marked 150*. Fahren- 
heit's scale is the one in common use in the United 8tatea, although the 
aantignde is sometimes employed for philosophical purposes.— 4m. Si. 
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that when its density is doubled, its elasticity is like- 
wise doubled ; and that, in general, a certain degree 
of elasticity corresponds to a proportional degree 
of density. It must be remarked, however, that this 
takes place no longer than while the air preserves 
the same degree of heat. Whenever it becomes 
hotter, it acquires greater power of expansion than 
what corresponded to its density ; and cold produces 
the opposite effect, by diminishing its expansive 
power. In. order then to determine the elasticity of 
a massof air, it is not sufficient to know its density; 
you must likewise know its degree of heat. In 
order to set this in a clear light, let us suppose two 
ehambers closely shut on all sides, but united by a 
door of communication : and that the heat in both 
is equal. In order to this the air in both chambers 
must have the same degree of density. For were 
the air more dense, and consequently more elastic, in 
the one than in the other, part of it would escape 
from the one, and force its way into the other, till 
the density in both were the same. But let us sup- 
pose that one of the chambers has become hotter 
than the other, the air thereby acquiring a greater 
elasticity, would of course force itself into the other, 
and reduce that which it found there into a smaller 
space, tin the elasticity in both chambers was brought 
to the same degree. During this change there will 
be a current of air through the door, from the cham- 
ber which is more into that which is less heated ; 
and when the equilibrium is restored, the air will be 
more rarefied in the warm apartment, and more 
condensed in the cold.; and yet the elasticity of both 
will be the same. From this it clearly follows, that 
two masses of air of different densities may have 
the same elasticity, when the one is hotter than the 
other ; and this circumstance taken into considera- 
tion, it may happen, that with the . same decree of 
density, they may be endowed with different degrees 
of elasticity. 
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What I have said of two chambers maybe applied 
to two countries ; and hence it may be concluded, 
that when one country becomes warmer than the 
other, there must of necessity be a current of air 
from the one to the other ; and from this results the 
wind. 

Here, then, is one fruitful source of winds, though 
there are perhaps others, which consist in af- 
ferent degrees of heat which prevail in different 
regions of the earth ; and it is demonstrable, that 
the whole air which surrounds the earth could not 
be in a state of rest unless that, universally, at equal 
heights, there were found the same degree, hot only 
of density, but likewise of heat. And should it 
happen that there were no wind over the whole sur- 
face of the earth, it might with certainty be con- 
cluded that the air would likewise be everywhere 
equally dense and warm at equal heights. Now, as 
this never happens, there must of necessity always 
be winds, at least in some regions. But these winds 
are, for the most part, to be met with only on the 
surface of the earth ; and the higher you rise, the 
less violent winds are. Winds are hardly percep- 
tible at the summit of very high mountains ; there 
perpetual tranquillity reigns ; from which it is im- 
possible to doubt that at considerable elevations 
the air is always in a state of rest. Hence it follows, 
that in regions remarkably elevated, there universally 

Srevails all over the earth the same degree of 
ensity and heat ; for were it hotter in one place 
than in another, the air could not be in a state of 
rest, And as there is no wind in these elevated 
regions, it must necessarily follow, that the degree 
of heat there must be always the same ; which is a 
very surprising paradox, considering the great varia* 
tions of heat and cold which we feel on the sur- 
face of the earth, during the course of a year, and 
even of one day; without taking into the account the 
di&fenas of climate, that is, the intolerable heats 
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felt under the equator, and the dreadful cold which 
constantly prevails towards the poles of the earth. 
Experience itself, however, confirms the truth of 
this astonishing fact. The snow and ice remain 
equally, summer and winter, on the mountains of 
Switzerland, and are equally unchangeable on the 
Cordilleras, lofty mountains of Peru, situated under 
the very equator, and where there perpetually reigns, 
nevertheless, a cold as excessive as that of the polar 
regions. The height of these mountains is 4| Eng- 
lish miles, or 24,000 feet. From this it may be 
with confidence concluded, that were it possible 
for us to ascend to the height of 21,000 feet above, 
the earth, we should always meet with the same 
degree of cold, and that cold excessively severe. 
We should remark there no sensible difference dur- 
ing either summer or winter, under the equator, or 
near the poles. At this height, and still higher, the 
state of the atmosphere is universally, and at all 
seasons, the same ; and the variations of heat and 
cold take place near the surface of the earth alone. 
It is only in these inferior regions that the effect of 
the rays of the sun becomes perceptible. You have, 
undoubtedly, some curiosity to know the reason of 
this. It shall be the subject of the following Letter. 
Z\8tMay, 1760. 

LETTER XVI. 

The Cold fell on high Mountains and at great Depths 
accounted for. 

It appears very surprising, that we should feel the 
same degree of cold in all regions, after we have 
risen to a certain height, say 24,000 feet; consider-. 
ing : that the variations with respect to heat on the. 
efrth, not only In different climates, but in the same, 
country, at Werent seasons of the year; ate ao pst- 
Vol. L— G 
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ceptible.* This variety, which takes place at the 
surface of the globe, is undoubtedly occasioned by 
the sun. It appears, at first sight, that his influence 
must be the same above and below, especially when 
we reflect, that a height of 24,000 feet, though very 
great with respect to us, and even far beyond the 
height of very lofty mountains, is a mere nothing, 
compared to the distance of the sun, which is about 
ninety-six millions of miles. This is, therefore, a 
very important difficulty, which we must endeavour 
to solve. For this purpose I begin with remarking, 
that the rays of the sun do not communicate heat to 
any bodies but such as do not grant them a free 
passage. You know that bodies through which we 
can discern objects are denominated transparent, 
pellucid, and diaphanous. These bodies are glass, 
crystal, diamond, water, and several other liquids, 
though some are more or less transparent than 
others. One of these transparent bodies being ex- 
posed to the sun, is not heated to such a degree as 
a body not transparent, as wood, iron, &c. Bodies 
not transparent are denominated opaque. A burning- 
glass, for example, by transmitting the rays of the 
sun, sets on fire opaque bodies, while the glass itself 
is not sensibly heated. Water exposed to the sun 
becomes somewhat warm, only because it is not 

Serfectly transparent ; when we see it considerably 
eated by the sun at the brink of rivers, it is because 
the bottom, being an opaque body? is heated by the 
rays which the water transmits. Now, every heated 
body communicates that heat to all adjoining bodies ; 
the water accordingly derives heat from the bottom. 
If the water be very deep, so that the rays cannot 

* The mom degree of cold fi net felt it the tune betgbt in all re- 
fto— . On aeeendbf to a certain height we arrive at the line or tern 
ef perpetual congelation, where avow or ice would never melt. This 
Um is at the equator at the height of l&977feet; in the latitude of 40° 
to MgttttoTMSftet: in tfcelatitode of BP it UlSO fceLaad it jwt 
gnsee the aortace of U» earth at the poles. The inftnenoeof thia Urn 
d» ffenomtna of the weather is rery impoftanL-.-am.JW. 
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penetrate to the bottom, it has no perceptible heat, 
though the sun bears upon it. 

As air is a very transparent body to a much 
higher degree than glass or water, it follows that it 
cannot be heated by the sun, because the rays are 
freely transmitted through it. The heat which we 
frequently feel in the air is communicated to it by 
opaque bodies, which the rays of the sun have 
heated ; and were it possible to annihilate all these 
bodies, the air would scarcely undergo any change 
in its temperature by the rays of the sun: exposed 
to it or not, it would be equally cold. But the at- 
mosphere is not perfectly transparent : it is even 
sometimes so loaded with vapours that it loses 
almost entirely its transparency, and presents only 
a thick fog. When the air is in this state, the rays 
of the sun have a more powerful influence upon it, 
and heat it immediately. 

But these vapours rise to no great height ; at the 
height of 24,000 feet, and beyond, the air is so sub- 
tile and so pure, that it is perfectly transparent ; and 
for this reason the rays of the sun cannot imme- 
diately produce any effect upon it This air is like- 
wise too remote from terrestrial bodies to receive a 
communication of heat from them ; they act only 
upon such as are adjacent. Hence you will easily 
perceive that the rays of the sun cannot produce 
any effect in regions of the air very much elevated 
above the surface of the earth ; and that the same 
degree of cold must always and universally prevail 
in such regions, as the sun has no influence there, 
and as the heat of terrestrial bodies cannot be com- 
municated so far. This is nearly the case on the 
summit of very high mountains, where it is always 
much colder than on plains and in valleys. 

The city of Quito, in Peru, is almost under the 
equator, and were we to form our judgment from its 



pressed with intolerable heat ; the air, howtfrei, 



situation on the globe, we would 
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abundantly temperate, and differs very little from 
that of Paris. Quito is situated at a great height 
above the real surface of the earth. In going to it 
from the seashore you have to ascend for several 
days ; it is accordingly built at an elevation equal to 
that of our highest mountains, though surrounded 
by others still much higher, called the Cordilleras. 
This last circumstance would afford a reason foi 
thinking that the air there must be as hot as at the 
surface of the earth, as it is contiguous on all sides 
to opaque bodies, on which the rays of the sun fall 
The objection is solid ; and no solution Can be given 
but this : — That the air of Quito, being very elevated, 
must be much more subtile, and of less gravity than 
with us ; and the barometer, which always stands 
considerably lower, incontestably proves it. 

Air of such a quality is not so susceptible of heat 
as common air, as it must contain less vapour- and 
other particles which usually float in the atmosphere ; 
and we know by experience that air very much loaded 
is proportionably susceptible of heat. I must here 
subjoin another phenomenon no less surprising : — In 
very deep pits, and lower still, if it were still possible 
to descend, the same degree of heat always and uni- 
versally prevails, and nearly for the same reason.* 
As the rays of the sun exert their influence only on 
the surface of the earth, and as the heat which they 
there excite communicates itself up and down, this 
effect at very great depths is almost imperceptible. 
The same thing holds respecting considerable heights. 

Zd June, 1760. 

* It has been recently found, that in descending deep mines, the ten 
Denture, instead of being uniform, increases considerably, amounting if 
some cases to about 12° of Fahrenheit at a depth of 500 feet — &d. 
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LETTER XVII. 

It, and the Systems of Descartes and Newton, 

10 spoken of the rays of the sun, which are 
3 or all the heat and light that we enjoy, you 
oubtedly ask, What are these rays t This is, 
question, one of the most important inquiries 
ICS, as from it an infinite number or phe- 
is derived. Every thing that respects light, 
renders objects visible, is closely connected 
s inquiry. The ancient philosophers seem 
taken little interest in the solution of it. They 
3d themselves with saying that the sun is 
d with the quality of shining, of giving heat 
it. But is it not worth while to inquire, 
a does this quality consist T Do certain por- 
icoriceivably small, of the sun himself, or of 
itance, come down to us 1 Or, is the trans- 
similar to the sound of a bell, which the ear 
i ? though no part of the substance of the 
eparated from it — as I observed in explaining 
Mgation and perception of sound. 
rtes, the first of modern philosophers, main- 
his last opinion ; and having filled the whole 
9 with a subtile matter composed of small 
i, which he calls the second element, he sup- 
lat the sun is in a state of continual agitation, 
ie transmits to these globules, and pretends 
y again communicate their motion in an in- 
every part of the universe. But since it has 
;covered that the rays of the sun do not reach 
ntaneously, and that they take eight minutes 
rough that immense distance, the opinion of 
?j, which laboured besides under other diffi- 
has been given up. 

rreat Newton afterward embraced the tottact 
C2 
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system, and maintained that the luminous rays are 
really separated from the body of the sun, and the 
particles of light thence emitted with that inconceiv- 
able velocity which brings them down to us in about 
eight minutes. This opinion, which is that of mQst 
modern philosophers, particularly the English, is 
called the system of emanation — it being imagined 
that rays emanate from the sun and other luminous 
bodies, as water emanates or springs from a fountain. 

This opinion appears at first sight very bold, and 
irreconcilable to reason. For were the sun emitting 
continually, and in all directions, such floods of lu- 
minous matter, with a velocity so prodigious, he must 
speedily be exhausted ; or at least some alteration 
must, after the lapse of so many ages, be perceptible. 
This, however, is contradicted by observation. It 
cannot be a matter of doubt, that a fountain which 
should emit streams of water in all directions would 
be exhausted in proportion to the velocity of the 
emission j much more the sun, whose rays are emitted 
with a velocity so inconceivable. Let the particles 
of which rays of light are formed be supposed as 
subtile as you please, nothing will be gained; the 
system will ever remain equally untenable. It cannot 
be affirmed that this emanation is not made in all 
directions ; for wherever you are placed, the whole 
sun is visible, which proves incontestably that rays 
from every point of the sun are emitted towards the 
spot which you occupy. The case is very different 
from that of a fountain, which should emit streams 
of water in all directions. For one point in the 
fountain could furnish only one stream directed to a 
particular spot ; but every point of the sun's surface 
must emit an infinite number, diffusing themselves in 
all directions. This circumstance alone infinitely 
increases the expenditure of luminous matter, which 
the sun would have to make. 

Another difficulty, and which appears equally in- 
superable, is, that the sun is not the only body which 
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emits rays, but that all the stars have tfa« same 
quality ; and as everywhere the rays of the Bun must 
be crossing the rays of the stars, their collision must 
be violent in the extreme. How must their direction 
be changed by such collision ! This collision must 
take place with respect to all luminous bodies visible 
at the same time. Each, however, appears distinctly, 
without suffering the slightest derangement from any 
other — a certain proof that many rays may pass 
through the same point without disturbing each other, 
which seems irreconcilable to the system of emana- 
tion. Let two fountains bo set a playing upon each 
other, and you will immediately perceive their differ- 
ent streams disturbed and confounded: it must of 
consequence be concluded, that the motion of the 
rays of light is very essentially different from that 
of a jet dVflM, and in general from all substances 
forcibly emitted. 

Considering afterward transparent bodies through 
which rays are freely transmitted in all directions, 
the supporters of this system are under the necessity 
of affirming, that these bodies contain pores, disposed 
in straight lines, which issue from every point of the 
surface, and proceed in all directions ; it being incon- 
ceivable how there could be any line through which 
a Tay of the sun might be transmitted with such 
amazing velocity, and even without the slightest 
collision. Here then are bodies wonderfully porous, 
which have the appearance nevertheless of being 
extremely solid. 

Finally, in order to enjoy vision, the rays must 
enter into the eye, and penetrate its substance with 
the same velocity.. All these difficulties taken 
together will, I doubt not, sufficiently convince you 
that the system of emanation has in no respect a 
foundation in nature; and you will certainly be 
1 astonished that it could have been conceived by so 
great a man, and embraced by so many enlightened 
philosophers. But it is. long since Cicero remarked* 
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that nothing so absurd can be imagined as to find no 
supporter among philosophers. For my own part, 
I am too little a philosopher to adopt the opinion in 
question. 

7th June, 1760. 



LETTER XV1IL 
Difficult*** attending the System of Emanation. 

However strange the doctrine of the celebrated 
Newton may appear, that rays proceed from the sun 
by a continual emanation, it has, however, been so 
generally received, that it requires an effort of cou- 
rage to call it in question. What has chiefly con- 
tributed to this is, no doubt, the high reputation of 
the great English philosopher, who first discovered 
the true laws of the motions of the heavenly bodies ; 
and it was this very discovery which led him to the 
system of emanation. 

Descartes, in order to support his theory, was 
under the necessity of filling the whole space of the 
heavens with a subtile matter, through which all the 
celestial bodies move at perfect liberty. But it is 
well known, that if a body moves in air it rnust meet 
with a certain degree of resistance ; from which 
Newton concluded, that however subtile the matter 
of the heavens may be supposed, the planets must 
encounter some resistance in their motions. But, 
said he, this motion is not subject to any resistance : 
the immense space of the heavens, therefore, con- 
tains no matter. A perfect vacuum, then, universally 
prevails. This is one of the leading doctrines of the 
Newtonian philosophy, that the immensity of the 
universe contains no matter in the spaces not occu- 
pied by the heavenly bodies. • This being laid down, 
there is between the sun and us, or at least from the 
sun down to the atmosphere of the earth, an abso> 
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lute vacuum. In truth, the iarther we ascend, the 
more subtile we find the air to be ; from whence it 
would apparently follow, that at length the air would 
be entirely lost. If the space between the sun and 
the earth be an absolute vacuum, it is impossible 
that the rays should reach us in the way of com- 
munication, as the sound of a bell is transmitted by 
means of the air. For if the air intervening be- 
tween the bell and our ear were to be annihilated, 
we should absolutely hear nothing, let the bell be 
struck ever so violently. 

Having established, then, a perfect vacuum be- 
tween the heavenly bodies there remains no other 
opinion to be adopted but that of emanation ; which 
obliged Newton to maintain, that the sun and all 
other luminous bodies emit rays which are always 
particles, infinitely small, of their mass, darted from 
them with incredible force. It must be such to a 
very high degree, in order to impress on rays of 
light that inconceivable velocity with which they 
come from the sun to us in the space of eight min- 
utes. But let us see whether this theory be con- 
sistent with Newton 1 s leading doctrine, which requires 
an absolute vacuum in the heavens, that the planets 
may encounter no manner of resistance to their mo- 
tions. You must conclude, on a moment's reflection, 
that the space in which the heavenly bodies revolve, 
instead of remaining a vacuum, must be filled with 
the rays, not only of the sun, but likewise of all tht 
other stars which are continually passing through it 
from every quarter, and in all directions, with in- 
credible rapidity. The heavenly bodies which trav- 
erse these spaces, instead of encountering a vacuum, 
will meet with the matter of luminous rays in a 
terrible agitation, which must disturb these bodies 
in their motions much more than if it were in a state 
of rest. 

Thus Newton, apprehensive lest a subtile matter, 
such as Descartes imagined, should disturb the mo- 
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tions of the planets, had recourse to a very strange 
expedient, and quite contradictory to his own inten- 
tion, as, on his hypothesis, the planets must be ex- 
posed to a derangement infinitely more considerable. 
I have already submitted to you several other insu- 
perable objections to the system of emanation ; and 
we have now seen that the principal, and indeed the 
only reason which could induce Newton to adopt it, 
is so self-contradictory as wholly to overturn it. 
All these considerations united, leave us no room 
to hesitate about the rejection of this strange system 
of the emanation of light, however respectable the 
authority of the philosopher who invented it. 

Newton was without doubt one of the greatest 
geniuses that ever existed. His profound know- 
ledge, and his acute penetration into the most hid- 
den mysteries of nature, will be a just object of 
admiration to the present and to every future age. 
But the errors of this great man should serve to 
admonish us of the weakness of the human under- 
standing, which, after having soared to the greatest 
possible heights, is in danger of plunging into mani- 
fest contradiction. 

If we are liable to weaknesses and inconsistencies 
so humiliating, in our researches into the phenomena 
of this visible world, which lies open to the examina- 
tion of our senses, how wretched must we have been 
had God left us to ourselves with respect to things 
invisible, and which concern our eternal salvation! 
On this important article a revelation was absolutely 
necessary to us ; and we ought to avail ourselves 
of it with the most profound veneration. When it 
presents to us things which may appear inconceir- 
able, we have but to reflect on the imperfection of 
human understanding, which is so apt to be misled,' 
even as to sensible objects. Whenever I hear t 
pretended freethinker inveighing against the truths 
of religion, and even sneering at it with the most 
^ ^«ra|rja&|^gelf-8ufficiency 9 1 say to myself, Poor weak 
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al, how inexpressibly more noble and sublime 
lie subjects which you treat so lightly than 
3 respecting which the great Newton was so 
sly mistaken ! I could wish your highness to 
i this reflection ever in remembrance ; occasions 
naking it occur but too frequently. 
th June, 1760. 



LETTER XIX. 

ferent System respecting the Nature of Rays and 
of Light, proposed, 

>u have seen that the system of the emanation 
te rays of light labours under insuperable diffi- 
es, and that the doctrine of a vacuum for the 
enly bodies to range in is equally untenable, as 
rays of light would completely fill it. Two 
ps, then, must be admitted: first, the space 
Ugh which the heavenly bodies move is filled 
a subtile matter; secondly, rays are not an 
al emanation from the sun and other luminous 
es, in virtue of which part of their substance is 
mtly emitted from them, according to the doc-, 
a of Newton. 

hat subtile matter which fills the whole space in 
ch the heavenly bodies revolve is called ether. 
ts extreme subtilty no doubt can be entertained. 
>rder to form an idea of it, we have only to 
ad to the nature of air, which, though extremely 
ile, even on the surface of the earth, becomes 
e and more so as we ascend; and entirely ceases, 
nay use the expression, when it comes to be lost 
le ether. The ether, then, is likewise a fluid as 
air is, but incomparably finer and more subtile, 
are assured that the heavenly bodies revolve 
dy through it, without meeting any perceptible 
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resistance. It is also, without doubt, possessed c 
elasticity, by means of which it has a tendency t 
expand itself in all directions, and to penetrate int 
spaces where there would otherwise be a vacuum 
so that if by some accident the ether were force 
out of any space, the surrounding fluid would ii 
stantly rush in and fill it again. 

In virtue of this elasticity, the ether is to be foun 
not only in the regions which are above our atm< 
sphere, but it penetrates the atmosphere universally 
insinuates itself by the pores of all bodies, and passe 
irresistibly through them. Were you, by the hel 
of the air-pump, to exhaust the air from a receive! 
you must not imagine that you have produced a 
absolute vacuum ; for the ether, forcing itself throng! 
the pores of the receiver, completely fills it in ai 
instant. Having filled a glass tube of the propc 
length with mercury, and immerged it, when ii 
verted, in the cistern, in order to make a baromete 
it might be supposed that the part of the tube whit 
is higher than the mercury is a vacuum, because t' 
air is completely excluded, as it cannot penetr? 
the pores of glass ; but this vacuum, which is ap 
rent only, is undoubtedly supplied by the ether, 
sinuatiiig itself without the smallest difficulty. 

It is by this subtilty and elasticity of ether tr 
shall by-and-by explain to you the remarkable 
nomena of electricity. It is even highly pro! 
that ether has an elasticity much superior to th 
air, and that many of the phenomena of natur 
produced by means of it. For my own part, I 
no doubt that the compression of the air ir 
powder is the effect of the elastic power of 
And as we know by experiment that the air 
cbndensed almost 1000 times more than cc 
air, and that in this state its elasticity is li 
lOOOJimes mater, the elasticity of the eth< 
i£WB tfcwbe'so too, and consequently 100 
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mater than that of common air.* We shall then 
have a just idea of ether, in considering it as a fluid 
in many respects similar to air, with this difference, 
that ether is incomparably more subtile, and more 
elastic. 

Having seen then that the air, by these very quali- 
ties, is in a proper state for receiving the agitations 
or shakings of sonorous bodies, and to diffuse them 
in all directions, as we find in the propagation of 
sound, it is very natural to suppose that ether may 
in the same circumstances likewise receive agita- 
tions in the same manner, and transmit them to the 
neatest distances. As the vibrations of the air pro- 
duce sound, what will be the effect of those of ether 1 
You will undoubtedly guess at once light. It ap- 
pears in truth abundantly certain, that fight is with 
respect to ether, what sound is with respect to air ; 
and that the rays of light are nothing else but the 
shakings or vibrations transmitted by the ether, as 
sound consists in the shakings or vibrations trans- 
mitted by the air. 

The sun, then, loses nothing of his substance in 
this case, any more than a bell in vibrating ; and, in 
adopting this system, there is no reason to appre- 
lend that the mass of this orb should ever suffer any 

iminution. What I have said of the sun must also 

e extended to all luminous bodies, such as fire, a 

nz taper, a candle, &c. 

It will undoubtedly be objected, that these terres- 
al luminaries evidently waste, and that unless 
ry are continually fed and kept up, they will be 
tedily extinguished; that consequently the sun 
st in time be wasted away, and that the parallel 

be author here again (alio into the error of supposing that gou- 
nr eon tains air in aetata of violent eompreeeion. He might by the 
kind of analogy suppose elastic fluids to be compressed In other 
; for example, that ice contains steam in a state of great oom- 
m. This reasoning was porsaed before the ehymieaT nature of 
writhe relatione of hsattoaMBay taereee weli aJiisraloi* mm 
\.—Am. Ed. 

l.L— H 
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of a bell is not accurate. But it is to be considered 
that these fires, besides their light/throw out smoke 
and a great deal of exhalation, which must be care 
fully distinguished from the rays, of light. Now the 
smoke and exhalation evidently occasion a consid 
erable diminution, which must not be imputed to th< 
rays of light ; for were it possible to separate then 
from the smoke and other exhalations, the luminoui 
quality alone would occasion no expenditure. Mer- 
cury may, by means of art, be rendered luminous 
as you have probably seen, and that without airj 
diminution of its substance, which proves that ljghl 
alone produces no waste of luminous bodies. * Thus 
though the sun illuminates the whole world by hit 
rays, he loses nothing of his own substance, hit 
light being only the effect of a certain agitation, 
or violent concussion of his minute particles, com- 
municated to the adjoining ether, and thence trans 
mitted in all directions by means of this fluid to th 
remotest distances, as a bell when struck commun 
cates its own agitation to the circumambient ai 
The more we consider this parallel between sod 
rous and luminous bodies, the more we shall find 
conformable to nature, and justifiable by experien* 
whereas the more we attempt to reconcile the p 
nomena of nature to the system of emanation, 
more difficulties we encounter, f 
lithJune, 1760. 

* Mercury cannot be heated so as to become incandescent, c 
light (which is probably the method of rendering it luminous all' 
by the author), without losing a portion of its substance by vapor 
If a piece of fine gold be suspended over heated mercury, it 1 
speedily tarnished by the mercurial vapour.— Am. Ed. 

t Dr. Priestley undertakes to obviate the objection to the wast 
sun so much insisted on by Euler. He collected the sun's ray 
concave reflecting surface of four square feet, and threw the 
the arm of a delicate balance, and found that it indicated a w 
exceeding, in one second of tune, the 1200- millionth part of a g 
be therein infers by calculation, that there does not issue from c 
mot of the sun's surface, in one second of time, more than 
thousandth part'of a grain of matter, or about 4,792,000 g 
panda avoirdupois fa 0000 years; a quantity which would 
ha* diameter more than ten tooL—Am. Ed. 
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LETTER XX. 
Of the Propagation of Light. 

Turn propagation of light in the ether is produced 
in a manner similar to that of sound in the air; and 
just as the vibrations occasioned in the particles of 
air constitute sound, in like manner the vibration 
of the particles of ether constitutes light or lumi- 
nous rays ; so that light is nothing else but an agita- 
tion or concussion of the particles of ether, which is 
everywhere to be found, on account of its extreme 
subtilty, in virtue of which it penetrates all bodies. 

These bodies, however, modify the rays of light 
in many different ways, by transmitting or stopping 
the propagation of the concussions. Of this I shall 
treat at large in the sequel. I confine myself at 
present to the propagation of rays in the ether itself, 
which fills the immense space in which the heavenly 
bodies revolve. There the propagation takes place 
in perfect liberty. The first thing which here pre- 
sents itself to the mind is the prodigious velocity 
of the rays of light, which is about 900,000 times 
more rapid than that of sound, though this last 
travels no less than 1100 feet in a second. 

This amazing velocity would be sufficient of itself 
to overturn the system of emanation; but in that 
which 1 am attempting to establish, it is a natural 
consequence, from the principles laid down, as I 
hope to demonstrate. They are the same with those 
on which is founded the propagation of sound in the 
air ; and this depends at once on its density and elas- 
ticity. It is evident, that if the density of air were 
diminished, sound would be accelerated ; and if the 
elasticity of the air were increased, the same thine 
would happen. If the density of the air diminished, 
and its elasticity increased at once, we should have 
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a twofold reason for the increase of the velocity 
of sound. Let us conceive, then, the density of the 
air diminished, and its elasticity increased, till its 
density and elasticity became equal to those of ether, 
and we should then no longer be surprised that the 
velocity of sound had become many thousands of 
times greater than it actually is. For you will be 
pleased to remember, that according to the first 
ideas we formed of ether, this fluid must be incon- 
ceivably rarer and more elastic than air. Now both 
of these qualities equally contribute to accelerate 
the velocity of vibrations. From this explanation, 
the prodigious velocity of light is so far from pre- 
senting any thing irreconcilable to reason, that it 
rather perfectly harmonizes with the principles laid 
down ; and the parallel between light and sound is 
ill this respect so firmly established, that we may 
confidently maintain, that if air should become is 
subtile and as elastic as ether, the velocity of sound 
would become as rapid as that of light 

The subtilty of ether, then, and its groat elas- 
ticity, are the reason which we assign for the pro- 
digious velocity of the motion of light ; and so long 
as the ether preserves this same degree of subtilty 
and elasticity, this velocity must continue the same. 
Now it cannot be doubted that the ether has, through 
the whole universe, the same subtilty and the same 
elasticity. For were the ether less elastic in one 
place than in another, it would force itself into it 
till the equilibrium was perfectly restored. The 
light of the stars, therefore, moves with as great 
velocity as that of the sun ; and as the stars are at 
a much greater distance from us than the sun, a muck 
greater quantity of time is requisite to transmit their 
rays to us. However great the distance of the sun 
may appear, whose rays, nevertheless, reach the 
surface of our globe in eight minutes, the fixed star 

Yianrfeftt tn lift ir at. lpflst 400. OOO t.imp.a mnrfi distant 
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will employ then 400,000 times eight minutes in 
travelling to us, that is 53,333 hours, or 2,322 days, 
or six years nearly. 

It is then upwards of six years since the rays of 
light issued from that fixed star, the least remote, 
and probably the most brilliant, in order to render it 
visible to us ; and these rays have employed a period 
so considerable to fly through the space which sepa- 
rates us from that star. , Were God just now to 
create a new fixed star at the same distance, it could 
not become visible to us till more than six years had 
elapsed, as its rays require that length of time to 
travel this distance. Had one been created at the 
beginning of the world a thousand times more dis- 
tant than that which I have mentioned, it could not 
yet be visible to us, however brilliant, as 6000 years 
are not yet elapsed since the creation. The first 
preacher of the court of Brunswick, Mr. Jerusalem, 
has happily introduced this thought in one of his 
sermons. The passage runs thus : — 

" Raise your thoughts from the earth which you 
inhabit, to all the bodies of the vasi universe, which 
are so far above you ; launch into the immensity of 
space which intervenes between the most remote 
which your eyes are able to discover, and those 
whose light, from the moment of creation till now, 
has not as yet, perhaps, come down to us. The im- 
mensity of the kingdom of God justifies this repre* 
sentation." (Sermon on the Heavens, and Eternal 
Beatitude.) 

I flatter myself that these reflections will excite a 
desire of further instruction respecting the system 
of light, from which is derived the theory of colours 
and of vision. 

VlthJune, 1760. 

H9 
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LETTER XXI. 

Digression on the Distances of the Heavenly Bodie, 
and on the Nature of the Sun, and his Kays. 

The observations which I have been making « 

Xcting the time which the light of the stars en 
ys in making its "progress down to us convey 
striking idea of the extent and greatness of the un 
verse. The velocity of sound, which flies throng 
the space of 1000 feet* in a second, furnishes v 
with nearly the first standard of measurement. 3 
is about 2000 times more rapid than the pace of 
man who is a good walker. Now the velocity o 
the rays of light is 900,000 times still more rapi 
than that of sound : these rays accordingly perfon 
every second a course of 900,000,000 of feet, 1 
170,000 English miles.f 

What astonishing velocity! Yet the nearest fix 
star is so remote, that its rays, notwithstanding t' 
prodigious velocity, would take more than six ye 
m descending to us. And were it possible fo 
great noise, such as that of the firing of a cam 
issuing from that star, to be conveyed to our ea? 
would require a period of 5,400,000 years to r 
us. And this is applicable only to those stars n 
are the most brilliant, and are probably near* 
us. Those which appear the smallest are very 
ably ten times still farther remote, and mor 
whole century, then, at least, must elapse befo 
rays of these stars could possibly reach us. 
prodigious must that distance be which can 
passed through in less than 100 years, by a v 

* It his before been stated to be 1143 feet, which Is the » 
1 19^)0 miles U the mora raoentestimat&~^tn.£4L 
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which flies at the rate of 170,000 English miles every 
second ! 

Were, then, one of these stars to be just now an- 
nihilated, or eclipsed only, we should still continue 
to see it for 100 years to come, as the last rays which 
it emitted could not reach us in less time. 

The generality of mankind is very far from having 
any thing like just ideas respecting the vast extent 
of the universe. Many consider it as a work of 
little importance, which chance alone might have 
produced. But what must be the astonishment of 
one who reflects, on observing that all these immense 
bodies are arranged with the most consummate wis- 
dom; and that the more knowledge we acquire on 
the subject, though it must ever be very imperfect, 
the more we must be disposed to admire their order 
and magnificence ! 

I return to the great luminous bodies, and particu- 
larly the sun, which is the principal source of the 
light and heat which we enjoy on the earth. It will 
be asked* in the first place, wherein consists the 
light which the sun is incessantly diffusing through 
the whole universe, without ever suffering the small- 
est diminution ? The answer is obvious, according 
to the system which I have been endeavouring to 
establish. But that of emanation furnishes no 
satisfactory solution. The whole universe being 
filled with that extremely subtile and elastic fluid 
which is called ether, we must suppose, in all the 
parts of the sun, an incessant agitation, by which 
every particle is in a constant motion of vibration ; 
and this, by communicating itself to the circum- 
ambient ether, excites in that fluid a. similar agi- 
tation, and is thence transmitted to regions the 
most remote with the rapidity which I have been 
describing. 

And to keep up the parallel between sound and 
light, the sun would be in a state similar to that of a 
bell which should be ringing continually. The par* 
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tides of the sun most consequently be kept in this 
incessant agitation, to produce in the ether the un- 
dulations which we call rays of light. But it is still 
no easy matter to explain by what power this agita- 
tion in the particles of the sun is constantly kept up, 
as we observe that a match does not long continue 
burning, but presently goes out, unless it be supplied 
with combustible matter. But it must be remarked, 
that as the sun is a mass many thousand times 
greater than our whole globe, if it is once thoroughly 
inflamed, it may continue in that state for several 
ages without suffering any sensible diminution. Be- 
sides, the case is not the same with the sun and our 
fires and candles, a considerable part of whose sub- 
stance is dissipated in smoke and exhalations, from 
which a Teal waste .results. Whereas, though per- 
haps some particles may be forced from the sun in 
form of smoke, they cannot remove to a great dis- 
tance, but speedily fall back into its mass, so that 
there cannot be any real expenditure to occasion ? 
diminution of his substance. 

The only thing of which we are still ignorant r» 
specting this subject is, the power which incessant 
maintains all the particles of the sun in this agi< 
tion. But as it contains nothing inconsistent w 
good sense, and as we are under the necessity 
acknowledging our ignorance of many other thi 
much less remote than the sun, we ought to be 
isfied if our ideas are not involved in contradict 

2lst June, 1760. 
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LETTER XXII. 

Elucidations on the Nature of Luminous Bodies, and 
their Difference from Opaque Bodies illumined. 

Thb sun being a luminous body, whose rays are 
universally diffused in all directions, you can no 
longer be at a loss to account for this wonderful phe- 
nomenon, which consists in the shaking or vibration 
with which all the particles of the sun are agitated. 
The parallel of a bell lends considerable assistance 
towards the explanation of this fact. But it is ob- 
vious that the vibrations produced by light must be 
much more vehement and rapid than those produced 
by sound, ether being incomparably more subtile 
than air. A feeble agitation not being capable of 
shaking the air so as to produce sound m it, that of 
a bell, and that of all other sonorous bodies, are too 
feeble relatively to ether to produce in it the vibra- 
ion which constitutes light. 
You will recollect, that in order to excite a per- 
aptible sound, more than 30, and less than 7652 
orations must be produced in a second ; the air 
ling too subtile to admit of a sensible effect from a 
and consisting of less than 30 vibrations in a sec- 
d, but not sufficiently so to receive one of more 
n 7552 vibrations in the second. A note higher 
i this could not be at all heard. It is the same 
i respect to ether : 7552 vibrations produced in 
cond could not possibly act upon it, because of 
greater subtilty. It requires vibrations much 
» frequent. An agitation so rapid -could not 
place but in the minutest particles of bodies 
l elude our senses. The light of the sun, then, 
duced by a very violent agitation, which affects 
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all his infinitely minute particles, each of which must 
shake many thousands of times every second. 

It is a similar agitation which likewise produces 
the light of the fixed stars, and of all fires, such as 
candles, tapers, torches, &c, which give us light, 
and supply the place of the sun during the night. 
On attentively observing the flame of a wax-light, 
you will easily perceive, that in the minutest parti- 
cles, there is a constant and surprising agitation; 
and I do not apprehend that my system is Sable on 
this side to any contradiction, while that of Newton 
requires a more enormous agitation, capable of 
launching the minutest particles with the velocity 
of 170,000 English miles in a second. 

This, then, is the explanation of the nature of 
foodies luminous of themselves : for there are lumi- 
nous bodies which are not so immediately, such as 
the moon and the planets, which are similar to our 
globe. We see the moon only when and in as- far 
as she is illuminated by the sun ;• and this is the 
case of all terrestrial bodies, fires excepted, which 
have a light of their own. But other bodies, which 
are denominated opaque, become visible to us only 
when they are illuminated by some luminous body. 

In a very dark night, or in an apartment so closely 
shut on every side that no light can find admission, 
to no purpose will you turn your eyes towards the 
objects which surround you in the dark : you per- 
ceive nothing. But the moment a taper , is intro- 
duced, you immediately see, not the taper only, but 
the other bodies which were before invisible. We 
have here, then, a very essential difference between 
luminous and opaque bodies. I have already em- 
ployed the term opaque to denote bodies which are 
not transparent ; out it comes to almost the aame 
thing ; and we must accommodate ourselves to the 
common modes of expression, though they are not 
perfectly accurate. Luminous bodies are visible by 
their own light, and never affect our organs of sight 
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more than when the darkness is otherwise most pro- 
found. Those which I here denominate opaque are 
rendered visible to us only by means of a light that 
is foreign to them. We perceive them not while 
they remain in darkness ; but as soon as they are 
exposed to a luminous body, whose rays strike upon 
them, they become visible ; and they disappear the 
moment that foreign light is withdrawn. It is not 
even necessary that the rays of a luminous body 
should fall upon them immediately ; another opaque 
body, when well illuminated, produces nearly the 
same effect, but in a feebler manner. 

The moon is an excellent instance. We know 
that the moon is an opaque body ; but when she is 
illuminated by the sun, and we see her during the 
night, she diffuses a feeble light over all opaque 
bodies, and renders visible to us those which we could 
not have perceived without her assistance. Placed 
in the daytime in an apartment whose aspect is 
towards the north, and into which, of course, the 
rays of the sun cannot enter, it is, however, per- 
fectly clear, and I am able to distinguish every ob- 
ject. What can be the cause of this clearness, but 
that the whole heaven is illuminated by the sun t 
What we call the azure sky, and, besides, the walls 
opposite to my apartment, and the other surround- 
ing objects, are likewise illuminated, either imme- 
diately by the sun, or mediately by other opaque 
bodies, exposed to the action of that focus of light ; 
and the light of all these opaque but illuminated 
bodies, as & as it has admission into my apartment, 
renders it luminous, and that in proportion as the 
windows are high, wide, and well placed. The glass 
is little or no interruption, being, as I have already 
remarked, a transparent body, which freely trans- 
mits the rays of light. 

When I completely exclude the light from the 
tpartment by closing the window-shutters, I am re- 
duced to a state of darkness, and discern no object, 
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unless I call for a candle. Here then is an essential 
difference between luminous and opaque bodies; 
and likewise a very striking resemblance, namely, 
that opaque bodies, when illuminated, illuminate 
other opaque bodies, and produce in this respect 
nearly the same effect as bodies luminous of them- 
selves. The explanation of this phenomenon has 
hitherto greatly perplexed philosophers ; but I flatter 
myseli that my solution of it has been clear and 
satisfactory. 
24th June, 1760. 



LETTER XXIII. 

How Opaque Bodies become Visible. Newton's System 
of the Reflection of Rays proposed. 

Before I attempt an explanation of the phenome- 
on of opaque bodies becoming visible when they 
are illuminated, it must be remarked in general, that 
we see nothing but by means of the rays which enter 
into our eyes. When we look at any object what- 
ever, rays issuing from every point of that object, 
and entering into the eye, paint upon it, if I may 
use the expression, the image of the object. This is 
not mere conjecture, but may be demonstrated by 
experiment. Take, for example, the eye of an ox, 
or of any animal recently killed, and, after having 
uncovered the bottom, you find all the objects which 
were before it painted there. As often then as we 
see an object, the image of it is painted on the bot- 
tom of our eyes ; and this is produced by the rays 
which proceed from the object to us. I shall after- 
ward take occasion to go into a more minute detail 
on the subject of vision, and explain in what maimer 
the images of objects are formed on the bottom of 
tits eye: let thi* ^pascal .remark suffice tetikf 
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As we see, opaque bodies only when they are illu- 
minated, this is a proof that there must proceed 
from every point of these bodies rays of light which 
subsist only during the illumination. The moment 
they are placed in the dark these rays disappear. 
They are not proper then to opaque bodies ; their 
origin must be sought in the manner in which other 
bodies illuminate them. And this is the great ques- 
tion, how illumination alone is capable of producing 
rays on opaque bodies, or of putting them in nearly 
the same state as luminous bodies are, which, by an 
agitation in their minutest particles, produce rays of 
light? 

The great Newton, and other philosophers who 
have examined the subject, assign reflection as the 
cause of this phenomenon: it is therefore of the 
highest importance that you should form a just idea 
of what is called reflection. 

This name is given to the repulsion of one body 
struck against another, as may be seen in the game 
of billiards. When the ball is struck against the 
cushion or ledge of the billiard-table, it recoils again ; 
and this retrograde motion is termed reflection. It 
is necessary here to attend to a distinction between 
two cases. Let us suppose A B, m 7 
Fy.7,tobetheledgeofabilliard- 
table. The first case is this; -A. B 



case the ball will be driven back 
or reflected in the same line D C. The other case is, 
when the ball is played obliquely against the ledge, 
suppose in the line E C, forming with A B an acute 
angle ACE, this is called tfyfc angle of incidence. 
The hell will in this case be repelled from the LsdfB 
Vol. I.— I 



When you play the ball D per- 
pendicularly against the ledge, 
m the direction of D C, per- 
pendicular to A B, consequently 
the adjacent angles A C D and 
BCD are right angles : in this 
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in the direction of the line C P, so that this line 
shall make on the other side, with the ledge B C, an 
angle BCF, exactly equal to the angle of incidence 
ACE. This angle BCF, formed by the line .in 
which the ball recoils, is called the angle of reflec- 
tion. And this law always takes place when a body 
in motion meets with an obstacle.. 

A cannon-ball shot against a wall sufficiently 
strong to resist it is reflected conformably to this 
law. It extends, in like manner, to sounds which 
are frequently reflected from certain bodies ; and you 
know that this reflection of sound is called echo. It 
cannot be doubted, that the same thing frequently 
takes place with respect to the rays of light. The 
objects which we see in mirrors are represented to 
us by the reflection of rays, and every well polished 
surface reflects the rays of light which fall upon it. 
It is undoubtedly certain, therefore, that there are 
cases without number in which the rays that fall on 
certain bodies are reflected ; and philosophers have 
thence taken occasion to maintain, that opaque bodies 
are rendered visible by means of reflected rays. 

I see just now houses opposite to my windows 
which are illuminated by the sun. According, then, 
to the opinion of those philosophers, the rays of the 
sun falling on the surface of these houses are re- 
flected from them ; they enter into my apartment, 
and render these houses visible to me. In the same 
manner, if we believe those philosophers, the moon 
and the planets become visible, and these are unques- 
tionably opaque bodies. The rays of the sun which 
fall on these- bodies, and illuminate the parts which 
are exposed to them, are reflected, and are thence 
transmitted to us, just as if the bodies were luminous 
of themselves. According to this opinion, we see 
the moon and the planets only by the rays of the son 
which they reflect; and you must frequently have 
heard it affirmed, that the light of the moon is a re* 
Auction of the light of the sun In the same manner 
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say they, the rays of the sun are reflected by the 
first opaque bodies which are exposed to them, on 
other bodies of the same nature, and undergo a series 
of similar reflections, till they are entirely weakened. 

But however plausible this opinion may at first 
sight appear, it involves so many absurdities when 
closely examined, that it is absolutely untenable, 
which 1 hope to demonstrate, as a preparation for 
the true solution of this phenomenon. 

28th June, 1760. 



LETTER XXIT 
Examination and Refutation of Newton's System. 

I affirm, then, that when we see an opaque body 
illuminated by the sun, it is impossible to maintain 
that it reflects luminous rays, and that by means of 
such rays it is rendered visible to us. The example 
of a mirror, which undoubtedly reflects the rays, and 
is employed to support this opinion, rather confutes 
it. The mirror, peyond contradiction, sends back 
the rays which fall upon it ; but when these reflected 
rays enter into our eyes, what do they represent ? 
You will readily answer, that it is not the mirror, 
but the objects from which they originally proceeded, 
and the reflection does nothing else but enable us to 
see these objects in another place. Besides, we. see 
those objects, not on the surface of the mirror, but 
rather within it ; and it may be said with truth, that 
the mirror itself remains invisible to us. 

But, on looking at an opaque body illuminated by 
the sun, we do not see in it the image of that glo- 
rious orb ; we see only the surface of the bodies, 
with all the variations to be found on them. We per- 
ceive, then, a very essential difference between the 
rays which are reflected from a mirror, and those by 
means of which opaque bodies are rendered visible* 
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But there is, besides, another difference equally pal 
pable in the mirror ; for on changing the place ol 
the objects, or our own situation, the appearand 
will always change, and the rays reflected from tin 
mirror will continually represent to our eyes othe: 
images, corresponding to the nature and position oi 
the objects, and to the place where we are stationed 
but, as I have already said, these reflected rays nevei 
represent to us the mirror itself. 

Now, let a body be illuminated by the sun, 01 
other bodies, whether luminous or opaque, alread] 
illuminated; in whatever manner this body maj 
change its place, or we change ours relatively to it 
its appearance is always the same ; we see alwayi 
the same object, and remark in it no change relative 
to the different circumstances above mentioned 
This furnishes a new proof that we do not see opaque 
bodies by means of the rays reflected from thei] 
surface. 

An objection will perhaps be started, drawn fron 
the dove's neck, and certain kinds of stuff, whicl 
present different objects according as our point oi 
view changes. But this in no respect weakens mj 
conclusion with regard to ordinary opaque bodies 
which are not subject to this change. The objectiot 
only proves, that these singular objects are endowec 
with certain qualities; as, for example, that theii 
minuter particles are finely polished, and that a rea 
reflection takes place, besides the usual and ordinal] 
manner in which bodies are rendered visible to us. 

Now, it is easy to comprehend, that this reflection 
must be clearly distinguished from the manner ii 
which ordinary opaque bodies are illuminated. 

Finally, the rays reflected from a mirror alwayi 
represent to us, likewise, the colours of the bodiei 
from which they originally proceed ; and the mirroi 
which reflects makes no change in this respect. One 
opaque body, illuminated by any other body, in what 
ever manner, always presents the same colours ; anc 
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body may be said to have its proper colour, 
drcumstance absolutely overturns the opinion 
those who maintain that we see opaque bodies 
•ans of the rays which their surface reflects. . 
ting together all the reasons which I have now 
tted to your consideration, there can be no 
bon in pronouncing that this opinion is totally 
ible in philosophy, or rather, in physics. I 
t, however, flatter myself with the hope, that 
ophers, wedded to opinions once adopted, should 
to these reasons. But the naturalist, who is 
nearly related to the mathematician, will have 
lifficulty in resigning an opinion overthrown 
isons so convincing. You will again recollect 
Dicero has said on this subject : That nothing 
turd can be conceived as not to be supported 
lie philosopher. In fact, however strange the 
n which I have been refuting may appear to 
t has hitherto been propagated and defended 
nuch warmth. 

^impossible to say to what a degree the diffi- 
i and contradictions which I have been en- 
uring to expose were unknown to, or over- 
i by, the partisans of this system. The great 
n himself strongly felt their force ; but as he 
. in a very untenable idea respecting the propa- 
i of light, it is not to be wondered at that 
raid overlook these great difficulties ; and, in 
d, depth of understanding does not always 
it a man from falling into absurdity in sup- 



if this system, that opaque bodies are rendered 
: by reflected rays, be false, say its partisans, 
then is the true one ? They even think it ira- 
le to imagine another explanation of this phe- 
lon. It is, besides, rather hard and humiliating 
milosopher to acknowledge ignorance of any 
t whatever. He would rather maintain the 
*t absurdities ; especially if ha posseatet thft 
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•ecret of involving them in mysterious terms, which 
Mfc one is capable of comprehending. For in this 
case the vulgar are the more disposed to admire the 
learned ; taking it for granted that what is obscurity 
to others is perfectly clear to them. We ought 
always to exercise a little mistrust when very sub- 
lime knowledge is pretended to— knowledge too 
sublime to be rendered intelligible. I hope I shall 
be able to explain the phenomenon in question, in 
such a way as to remove every difficulty. 
1st July, 1760. 
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A different Explanation of the Manner in which Opaque 
Bodies illuminated become visible. 

All the phenomena of opaque bodies, which I 
have unfolded in the preceding Letter, incontestahly 
demonstrate that when we see an opaque body illu- 
minated, it is not by rays reflected from its surface 
that it becomes visible, but because its minuter par- 
ticles are in an agitation similar to that of the minuter 

E articles of luminous bodies ; with this difference, 
owever, that the agitation in opaque bodies is far 
from being so strong as in bodies luminous of them- 
selves; for an opaque body, however much illunn> 
nated, never makes on the eye an impression so lively 
as luminous bodies do. 

As we see the opaque bodies themselves, but by 
no means the images of the luminous bodies which 
enlighten them, as must be the case if we saw them 
try the reflection of their surface, it must follow 
that the rays emitted by opaque bodies are proper 
to them, just as the rays of a luminous body are 
peculiar to itself. As long as an opaque body is 
illuminated, the minuter particles of its surface are 
in a state of agitation proper to produce in the ethei 
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a motion of vibration such as is necessary for form* 
ing rays, and for painting in our eyes the imam 
of the body from which they proceed. For this 
effect, rays must be diffused from every point of the 
surface, in all directions — as experience evidently 
confirms. For, from whatever side we look at an 
opaque body, we see it equally in all its points ; from 
which it follows that every point emits rays in all 
directions. This circumstance essentially distin- 
guishes these rays from such as are reflected, whose 
direction is always determined by that of the rays 
of incidence ; so that if the incident rays proceed 
from one single quarter, say the sun, the reflected 
rays can follow only one single direction. 

It must be admitted, then, that when an opaque 
body is illuminated, all the particles on its surface 
are put in a certain agitation, which produces rays, 
as is the case with bodies luminous of themselves. 
This agitation, likewise, is stronger in proportion as 
the light of the illuminating body is more intense. 
Thus the same body, exposed to the sun, is agitated 
much more violently than if, in a room, it were illu- 
minated only by daylight ; or in the night-time by 
a taper, or by the moon. In the first case, its image 
is painted with much greater vivacity on the bottom 
of the eye than in the others, especially the last; 
the light of the moon being scarcely sufficient to 
enable us to distinguish, or to read, writing of a large 
size. And when the opaque body is conveyed into 
a close room, or into the dark, nothing is then to be 
seen — a certain proof that the agitation in its parts 
has entirely ceased, and that they are now in a state 
of rest. 

In this, therefore, consists the nature of opaque 
bodies ; their particles are of themselves at rest, or 
at least destitute of the agitation necessary to pro- 
duce light. But these same particles are so dis- 
posed, that when illuminated, or struck with rays of 
m light, they are immediately put into a certain agita- 
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tion, or motion of vibration, proper to produce ray 
and the more intense the light is which illuminat 
these bodies, the more violent also is this agitatio 
As long as an opaque body is illuminated, it is in tl 
same state as luminous bodies; its particles a 
agitated in the same manner, and are capable of e 
citing, of themselves, rays in the ether ; with tl 
difference, that the agitation kept up in lumino 
bodies by an intrinsic force subsists always of itse] 
whereas in opaque bodies this agitation is on 
momentary, and produced by the motion of the lig 
which illuminates them. 

This explanation is consistent with every ph 
nomenon, and labours under none of the difficult! 
which determined us to abandon the other, namel 
that founded on reflection. "Whoever will take tl 
trouble candidly to weigh all these reasons van 
admit their force. But a very great difficulty st 
remains to be solved : how comes it that ilhimin 
tion simply can put the particles of an opaque boc 
into an agitation capable of producing rays: ai 
that this agitation should always continue nearly tl 
same, whatever difference there may be in the ill 
minationT 

I acknowledge, that were it impossible to answ 
this question, it would be a great defect in my th 
ory, though it would not amount to a complei 
refutation; for it contains nothing contradictor 
Supposing I were ignorant how illumination pr 
duces an agitation in the particles of opaque bodie 
this would only prove that the theory is incomplete 
and till it is demonstrated to be absolutely impose 
ble that illumination should produce this effect, do 
system must subsist. But I shall endeavour to so 
ply this defect, by showing you 'how iliipwjnatk: 
Agitates the minutest particles of bodies. 

btkMy, 1760. 
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LETTER XXVI. 
Continuation of the same Subject, 

I sate undertaken to show how the illumination 
of an opaque body must produce* in its minutest par- 
ticles, an agitation proper to excite the rays of light, 
which render that same opaque body visible. The 
parallel between sound and light, which differ only 
in respect of less and more, light being the same 
thing relatively to ether that sound is relatively to 
air— this parallel, I say, will enable me to fulfil my 
engagement. Luminous bodies must be compared 
to musical instruments actually in a state of vibra- 
tion. It is a matter of indifference whether this be 
the effect of an intrinsic or of a foreign power; it 
is sufficient for my purpose that sound is emitted. 
Opaque bodies, as long as they are not illuminated, 
must be compared to musical instruments not in 
use ; or, if you will, to strings which emit no sound 
till they are touched. 

The question, then, being transferred from light 
to sound, is resolved into this, Whether it be possible 
for the string of an instrument in a state of rest, 
When brought within the sphere of activity of the 
sound of instruments in a state of vibration, to re- 
ceive, in certain circumstances, some agitation, and 
emit sound, without being touched t Now this is con- 
firmed by daily experience. If you take the trouble, 
during a concert, to attend to a particular string in 
proper tune, you will observe that string sometimes 
to tremble without having been touched, and it will 
emit the same sound as if it had been immediately 
put into vibration. This experiment will succeed 
still better, if the instruments strike the same note 
with the string. Consider attentively the strings 
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of a harpsichord not played upon, while a violin 
strikes the note a, for example, and you will observe 
on the harpsichord the string of the same note begin 
sensibly to tremble, and even to emit sound, without 
having been touched ; some other chords will like- 
wise be agitated, particularly those which are dis- 
tant an octave, a fifth, and even a third, provided the 
instrument be perfectly in tune. 

This phenomenon is well known to musicians; 
and Mr. Raraeau, one of the most celebrated French 
composers, established his principles of harmony 
upon it. He maintains that octaves, fifths, and thirds 
must be considered as consonances, because one 
chord is agitated by the sound only of another chord 
which is in unison, or an octave, a fifth, or a third 
from the first. But it must be admitted that the 
principles of harmony are so well established by 
the simplicity of the relations which sounds have 
to each other, that they have no need of a new con- 
firmation. In truth, the phenomenon observed by 
Mr. Rameau is a very natural consequence from the 
principles of harmony. 

To render this more sensible, let us attend to two 
chords wound up to unison ; on striking the one, the 
other will begin of itself to tremble, and will emit 
its sound. The reason is abundantly clear : for as 
a chord communicates to the air by its trembling a 
motion of vibration similar to its own, the air, agi- 
tated by this motion of vibration, must reciprocally 
make the chord tremble, provided that by its degree 
of tension it be susceptible of this motion. The air, 
being put into vibration, strikes the chord ever so 
little at every reverberation, and the repetition of 
strokes soon impresses on the chord a sensible mo- 
tion ; because the vibrations to which it is disposed 
by its tension accord with those of the air. ff the 
number of vibrations in the air is the half, or the 
third, or any other whose relation is sufficiently 
simple, the chord does not receive a new impulse at 
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every vibration, as in the preceding case, but only 
at the second, or the third, or the fourth, which will 
continue to increase its tremulous motion, but less 
than in the first case. 

But if the vibrations of the air have not any simple 
relation with that which corresponds to the chord, 
the agitation of that fluid will produce no effect 
whatever upon it; the vibrations of the chord, if 
there be any, not corresponding to those of the fluid, 
the following impulsions of the air destroy for the 
most part the effect which the first might have pro- 
duced ; and this is completely confirmed by expe- 
rience. Thus, when a chord is shaken by a sound, 
that sound must, in order to its being perceptible, be 
precisely the same with that of the chord. Other 
sounds which have a consonance with that of the 
chord will produce, it is true, a similar but less sen- 
sible effect, and dissonances will produce none at all. 
This phenomenon takes place not only in musical 
strings, but in all sonorous bodies whatever. One 
bell will resound by the noise only of another bell 
which is in unison with it, or at the distance of an 
octave, a fifth, or a third. 

The instance of a person who could break glasses 
by his voice further confirms what I have advanced. 
When a glass was presented to him, by striking it 
he found out the note ; he then -began to squall in 
unison, and the glass immediately caught the vibra- 
tion ; proceeding to give to his voice all the force he 
was able, always preserving the unison, the vibration 
of the glass became at length so violent that it broke. 
It is confirmed, then, by experience, that a chord and 
every other sonorous body is put into vibration by 
I its kindred sound. The same phenomenon must 
[ take place with regard to opaque bodies, of which 
1 the minuter particles may be put into a state of agi- 
\ tation by illumination only — which is the question 1 
i* proposed to solve. The following Letter will con- 
t> ttin a more ample discussion of it 
Sth July, 1760. 
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LETTER XXVIL 

Conclusion: Clearness and Colour of Opaque Bod 

illuminated. 

Arm what has been just submitted to your cc 
sideration, you will no longer be surprised that 
opaque body is capable of receiving from illumii 
tion alone an agitation in its particles similar to tl 
of the particles of luminous bodies, and which gii 
them the property of producing rays that render th< 
visible. Thus the great objection to my explanati 
of the visibility of opaque bodies is happily remove 
while the other theory, founded on the reflection 
rays, has to encounter difficulties which grow in pi 
portion as vou attempt to make a more direct i 
plication of them to known phenomena. 

It is then an established truth, that the particl 
of the surfaces of all bodies which we see under 
an agitation similar to that of a chord in vibratu 
but their vibrations are much more rapid ; whett 
it be that this citation is the effect of an intrini 
force, as in bodfes luminous of themselves, or wl 
ther it be produced by the rays of light which i 
Upon the bodies, that is to say, by illumination, 
is the case in opaque Vxxiies. It is false, then, tl 
the moon, being an opaque body, reflects the rays 
the sun, and that by means of this reflected light fl 
is rendered visible to us, as is commonly understoi 
But the rays of the sun, railing on the surface of 1 
moon, excite in its particles a concussion, from whi 
result the rays of the moon ; and these, entering ii 
Our eyes, paint its image there; it is the same wi 
other planets, and with all opaque bodies. Tl 
agftatityi ofopwue bodies, when ilfcxmined, lasts tt 
dariiigthsfflunuWi^ 
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M soon as an opaque body ceases to be illumined, it 
ceases to be visible. 

But is it not possible that this agitation, once im- 
pressed on the particles of an opaque body, may be 
for some time kept up, as we see that a string once 
struck frequently continues to vibrate, though no 
new impression be made upon it 1 I do not pretend 
to deny the fact : I even believe that we have ex- 
amples of it in those substances which Mr. Margraff 
presented to you, and which, once illumined, pre- 
serve their light for some time, though conveyed 
into a dark room. This, however, is an extraor- 
dinary case, the vibration of the minuter particles 
disappearing in all other bodies with the illumina- 
tion which occasioned it. But this explanation, 
which thus far is perfectly self-consistent, leads me 
forward to researches of still greater importance. 

It is undoubtedly certain, that we find an infinite 
inference between the particles of opaque bodies, 
according to the variety of the bodies themselves. 
Some will be more susceptible of vibrations, and 
others less, and others finally not at all so. This dif- 
ference in bodies occurs but too evidently. One, 
whose particles easily receive the impression of the 
rays which strike it, appears to us brilliant ; another, 
on the contrary, in which the rays scarcely produce 
any agitation, cannot appear luminous. Among seve- 
ral bodies, equally illumined, you will always remark 
ft mat difference, some being more brilliant than 
others. But there is besides another and a very re- 
markable difference between the particles of opaque 
todies, respecting the number of vibrations which 
Bach of them, being agitated, will make in a certain 
time. 

I have already observed, that this number must 
tlways be very great, and that the subtilty of ether 
is such as to require many thousands in a second. 
But the difference here may be endless, if some par- 
ides, for example, should make 10,000 vibrations 

Vol. I.—K 
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in a second, and others 11,000, 13,000, 13,000, accord* 
ing to the smallness, the tension, and the elasticity 
of each, as in the case of musical chords, in which 
the number of vibrations given in a second may be 
varied without end ; and thence it is I have deduced 
the difference of high and low notes. As this differ- 
ence is essential in sounds, and as the ear is affected 
by it in a manner so particular as to render it the 
foundation of the whole theory of music, it cannot 
be called in question that a similar difference in the 
frequency of the vibrations of rays of light must 
produce a variation as particular in vision. If, for 
example, a particle makes 10,000 vibrations in a 
second, and produces rays of the same species, the 
rays which enter into the eye will strike the nerves 
of that organ 10,000 times in a second ; and this 
effect, as well as the sensation, must be totally dif- 
ferent from those produced by a different particle 
Which should make more or less vibrations in a 
second. There will be in vision a difference similar 
to that which the ear perceives on hearing sharp or 
flat notes. 

You will no doubt be desirous to know into what 
this difference in vision is to be resolved ; and what 
different sensations correspond to the number, 
greater or less, of the vibrations produced in every 
body during a second. I have the honour of inform- 
ing you, that diversity of colours is occasioned by 
this difference ; and that difference of colour is to 
the organ of vision what sharp or flat sounds are to 
the ear. We have resolved, therefore, without going 
after it, the important inquiry respecting the nature 
of colours, which has long employed the attention 
of the greatest philosophers. Some of them have 
called it a modification of light absolutely unknown 
to us. Descartes maintains, that colours are only a 
certain mixture of light and shade. Newton ac- 
counts for difference of colour by tracing it up to 
the rays of the sun ; which, according tohim, are a 
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ieal emanation, whose matter may be more or 
less subtile ; and thence settles the rays of all the 
colours, as red, yellow, ffreen, blue, violet, &c. 

But as this system falls to pieces of itself, all that 
has been said respecting colours conveys no inform- 
ation ; and you are now clearly sensible, that the 
nature of each colour consists in the number of vi- 
brations produced in a certain time, by the particles 
which present them to the eye. 

12th July, 1760. 



LETTER XXVIII. 
Nature of Colours in particular. 

Tmc ignorance which prevailed respecting the 
true nature of colours has occasioned frequent and 
violent disputes among philosophers ; each of whom 
made an attempt to shine, by maintaining a peculiar 
opinion on the subject. The system which made 
colours to reside in the bodies themselves appeared 
to them too vulgar and too little worthy of a phi- 
losopher, who ought always to soar above the mul- 
titude. Because the clown imagines that one body n 
red, another blue, and another green, the philosopher 
could not distinguish himself better than by main- 
taining the contrary; and he accordingly affirms 
that there is nothing real in colours, and that there 
is nothing in bodies relative to them. 

The Newtonians make colours to consist in rays 
only, which they distinguish into red, yellow, green, 
blue, indigo, and violet; and they tell us that a body 
appears of such and such a colour when it reflects 
rays of that species. Others, to whom this opinion 
seemed absurd, pretend that colours exist only in 
ourselves. This is an admirable way to conceal 
ignorance ; the vulgar might otherwise believe that 
the scholar was not better acquainted with the nature 



US NATURE OF COLOUR*. 

of colours than themselves. But you will readft; 
perceive that these affected refinements are men 
cavil. Every simple colour (in order to distinguish 
from compound colours) depends on a certain num- 
ber of vibrations, which are performed in a certaii 
time ; so that this number of vibrations, made in i 
second, determines the red colour, another the yel 
low, another the green, another the blue, and anothei 
the violet, which are the simple colours represented 
to us in the rainbow. 

If, then, the particles of the surface of certaii 
bodies are disposed in such a manner, that being 
agitated they make in a second as many vibrations 
as are necessary to produce, for example, the red 
colour, I call such a body red, just as the clown 
does ; and I see nothing like a reason for deviating 
from the common mode of expression. And rays 
which make such a number of vibrations in i 
second may, with equal propriety, be denominated 
red rays ; and finally, when the optic nerve is af- 
fected by these same rays, and receives from then 
a number of impulsions, sensibly equal, in a second, 
we receive the sensation of the red colour. Here 
every thine is clear ; and I see no necessity for in- 
troducing dark and mysterious phrases, which really 
mean nothing. 

The parallel between sound and light is so perfect, 
that it holds even in the minutest circumstances. 
When 1 produced the phenomenon of a musical 
chord, which may be excited into vibration by the 
resonance only of certain sounds, you will please to 
recollect, that the one which gives the unison of the 
chord in question is the most proper to shake it, and 
that other sounds affect it only in proportion as they 
are in consonance with it. It is exactly the same 
as to light and colours ; for the different colours cor- 
respond to the different musical sounds. 

In order to display this phenomenon, which com- 
pletely confirms my assertion, let a dark room be 
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provided ; make a small aperture in one of the shut- 
ters ; before which, at some distance, place a body 
of a certain colour, say a piece of red cloth, so that 
when it is illumined its rays may enter by the aper- 
ture into the darkened room. The rays thus trans- 
mitted into the room will be red, all other light 
being excluded ; and if you hold on the inside of the 
room, opposite to the aperture, a piece of cloth of 
the same colour, it will be perfectly illumined, and 
its red colour appear very brilliant ; but if you sub- 
stitute in its place a piece of green cloth, it will re- 
main obscure, and you will hardly see any thing of 
its colour. If you place on the outside, before the 
aperture, a piece of green cloth, that within the 
chamber will be perfectly illumined by the rays of 
the first, and its green colour appear very lively. 
The same holds good as to all other colours : and I 
do not imagine that a more convincing demonstra- 
tion of the truth of my system can be demanded. 

We learn from it, that in order to illuminate a 
body of a certain colour, it is necessary that the 
rays which fall upon it should have the same colour ; 
those of a different colour not being capable of agi- 
tating the particles of that body. This is further 
confirmed by a well-known experiment. When the 
spirit of wine is set on fire in a room, you know that 
the flame of spirit of wine is blue, that it produces 
only blue rays, and that every person in the room 
appears very pale — their faces, thoughpainted ever 
so deep, have the aspect of death. The reason is 
evident ; the blue rays not being capable of exciting 
or putting in motion the red colour of the face, you 
see on it only a feeble and bluish colour ; but if one 
of the company is dressed in blue, such dress will 
appear uncommonly brilliant. Now the rays of the 
sun, those of a wax taper, or of a common candle, 
illuminate all bodies almost equally ; from whence 
it is concluded that the rays of the sun contain all 
colours at once, though he himself appears yellowish 



114 TRANSPARENCY 0* BODIES. 



In troth, when you admit into a dark room tfc 
rays of all the simple colours, red, yellow, grm 
blue, and violet, in nearly equal quantities, and blei 
them, they represent a whitish colour. The san 
experiment is made with various powders, colour* 
in like manner ; on being mixed together, a whitii 
colour is the result. Hence it is concluded, th 
white is not a simple colour, but that it is rather 
compound of all the simple colours ; accordingly n 
see that white is adapted to the reception of f 
colours. As to black, it is not properly a colon 
Every body is black when its particles are sue 
that it can receive no motion of vibration, or whe 
it cannot produce rays. The want of rays, the* 
fore, produces the sensation of that colour ; and tl 
more particles there are found in any body not su 
ceptible of any motion of vibration on its surfac< 
the more blackish and obscure it appears.* ' 

15th July, 1760. 



LETTER XXIX. 

Transparency of Bodies relative to the Transmission 
of Rays. 

I have already remarked that there are bodie 
such as glass, water, and especially air, which tram 
mit the rays of light, and on account of this prq 
erty are denominated pellucid or diaphanous. Te 
ether, however, is the medium in which the rays ( 
light are formed, to which this property most in1 
mately appertains ; and other transparent bodies ai 

* A strong objection to the theory of Euler, in relation to the ©M 
of colon r, arises from the fact that so slight a modification of the surfs 
of a body as a coat of |iaint should so change its quality of vibration 
to convert it from one which vibrates, so easily as to emu a bright wM 
light, to one which will not vibrate at all, and which, therefore, apou 
fBite black. We are not aware that audi simple changes of surfhosai 
mm much effect on sound.— 4m. Ed. 
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endowed with it only by means of the ether which 
they contain, and with which they are so blended 
that the agitations excited by the light may be com- 
municated farther without being interrupted in their 
progress. But this transmission is never performed 
so freely as in the pure ether, though it always loses 
something ; and this in proportion as the transparent 
body is more or less gross. The grossness may 
even become so considerable that the light shaJl be 
wholly lost in it ; and then the body is no longer 
transparent. Thus, though glass be a transparent 
body* & great lump of glass several feet thick is not 
bo. In Tike manner, however pure the water of a 
river may be, you cannot see the bottom where it is 
very deep, though you can very easily see it where 
it is shallow. 

Transparency, then, is a property of bodies rela- 
tive only to their thickness ; and when this property 
is ascribed to glass, to water, &c, it must always 
be understood with this restriction, that these bodies 
are not too gross ; and that to every species there is 
a certain measure of thickness beyond which the 
body ceases to be transparent. There is not one 
opaque body, on the contrary, which may not itself 
become transparent, if reduced to a plate extremely 
fine. Thus, though gold is not transparent, gold 
leaf is so ; and on examining the minuter particles 
of all bodies with a microscope they are round to 
be .transparent. It may then be with truth affirmed 
that all bodies are transparent when reduced to a 
certain degree of fineness ; and that no one is so 
when too gross. 

In common language we denominate transparent 
the bodies which preserve this quality to a certain 
degree of thickness, though they lose it when they 
go beyond that bound. But with respect to ether, 
i it is of its own nature perfectly transparent, and its 
extent diminishes not this quality in the smallest 
degree. The prodigious distance of the fixed stars 
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prevents not their rays from being transmits 
us. But though our air appears to be of a pel 
transparency, if it extended as far as the moon* 
transparency would be entirely lost, and would 
vent every ray of the sun, and of the other heav 
bodies, from penetrating to us. We should the; 
involved in Egyptian darkness. 

The reason of it is evident, and we remark 
same thing in sound, whose resemblance to lig] 
confirmed in every respect. Air is the most pn 
medium for the propagation of sound ; but the 
tations excited in the air are capable of shaking 
the particles of all bodies : and these again put 
in motion the interior particles, finally transmit 
vibration through the substance of all bodies, un 
they be too thick. There are bodies, then, wt 
restively to sound, are the same thing which tr 
parent bodies are relatively to light ; and all bo 
have this property with relation to sound, prov 
they are not too thick. When you are in 3 
apartment, you can hear almost every thing 
passes in the antechamber, though the doors 
closely shut, because the agitation of the air in 
antechamber communicates itself to the partiti 
and penetrates through them into the inner 
ment, with some loss, however. Were the parti 
removed, you would undoubtedly hear more 
tinctly. Now the thicker the walls are the n 
of its force does the sound lose in piercing thrc 
them; and the walls may be made so thick 
nothing could be heard from without, unless it v 
some terrible noise, such as a discharge of cam 

This leads me forward to a new remark, 
very powerful sounds may be heard through * 
which are impenetrable to sounds more feeble ; ; 
consequently, in order to form a judgment whei 
a wall is capable of transmitting sounds, it is ne< 
sary to take into the account, not only the thickr 
of the wall, but likewise ,the strength of the soi 
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If the sound is very feeble, a very thin wall is suffi- 
cient to stop it ; though a louder could find an easy 
transmission. The same thing holds as to bodies 
which are permeable only to a very strong light. 
• Objects not very brilliant are invisible through a 
glass blackened with smoke, but the rays of the sun 
force themselves through it, and it transmits per- 
fectly well the image of that luminary. Astrono- 
mers employ this method to observe him ; for with- 
out such precaution he would dazzle the eye. And 
when you happen to be in a dark room, with an 
aperture in the shutter exposed to the sun, in vain 
will you attempt to exclude the light by opposing 
your nand to the aperture ; the rays of the sun will 
force themselves through. 

It is perceivable, at the same time, that the light 
of the sun loses much of its lustre in passing through 
a body which, relatively to other objects, is not itself 
transparent. But a very strong light may lose much 
of its lustre before it is entirely extinguished, while 
a feebler light is lost at once. A piece of very thick 
glass, (hen, will not be transparent with respect to 
objects less brilliant, though the sun may be visible 
through it. 

These remarks on transparent bodies lead me to 
the theory of refraction, of which you have fre- 
quently heard, and which I shall endeavour to place 
in its proper light. 

I8dju2y, 1760. 
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LETTER XXX. 

Of the Transmission of Rays of Light, through transpa- 
rent Mediums , and their Refraction. ■ 

As long as light moves in the same medium, 
whether it be ether, air, or any other transparent 
body, the propagation proceeds in straight lines, de- 
nominated rays, as they diverge from the luminous 
point, in all directions, like the radii of a circle or a 
globe issuing from the centre. In the system of 
emanation the particles darted from luminous bodies 
move in straight lines : the same thing holds in that 
which I have had the honour of proposing, in which 
the agitations are communicated in straight lines, as 
the sound of a bell is transmitted in a straight line, 
by which also we judge from what quarter the sound 
comes ; the rays in both systems, then, are repre- 
sented by straight lines, as long as they pass through 
the same transparent medium ; but they may undergo 
some bending, in passing from one to another; and 
this bending is called the refraction of the rays of 
light, the knowledge of which is necessary to ac- 
count for many phenomena. I proceed, therefore, 
to lay down the principles, in conformity to which 
refraction takes place. 

It is an invariable law, that when Q 
a ray, such as E C, Fig. 8, falls ' 8 ' 

perpendicularly on the surface A B 

of another medium, it continues 

its progress in the same straight 
line extended, as C F ; it will, in 
this case, undergo no bending or 
refraction. If, then, E C is a- ray of the suit fall- 
ing perpendicularly on the surface A B of water, 
or or glass, it will enter it in the same direction, 
and continues its progress in the line C F, which 
is likewise perpendicular to the surface A B, so 
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that E F shall be in one and the 'same straight 
line. This is the only case in which there is no 
refraction. But as often as the ray does not fall 
perpendicularly on the surface of another trans- 
parent body, it does not pursue its progress in the 
same straight line ; it recedes less or more from it, 
and undergoes a refraction. 

Let P C, Fig. 9, be aray, 
falling obliquely on the sur- 
face A B of another trans- 
parent medium. On enter- 
ing into this medium, it will 
not continue its progress in 
the direction of the line 
C Q, which is the line P C 
produced ; but will recede 
from it in the direction of 
the line C R, or C S. It 
will undergo, then, at the 
point C, a bending, which we call refraction, which 
depends partly on the difference of the two me- 
diums, and partly on the obliquity of the direction 
of the ray P C. 

In order to comprehend the laws of this bending, 
it is necessary to explain certain terms employed in 
treating this subject. 

1st, The surface A B, which separates- the two 
mediums, that from which the ray comes, and that 
into which it enters, is called the refracting surface. 
3dly, The ray P C, which falls upon it, is called the in- . 
cident ray ; and, 3dly, the ray C R, or C S, which pur- 
sues, in the other medium, a course different from 
C Q, is called the broken or refracted ray. And hav- 
ing drawn through the surface A B the perpendicular 
line E C F, we call, 4thly, the angle P C E, formed by 
the incident ray P C with the perpendicular E C, 
the angle of incidence ; and, 5thly, the angle R C F, or 
SCF, formed by the refracted C R or C S, with the 
perpendicular C F, is called the angle of refraction* 
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Therefore, Ifecause of the bending which tht 
of light undergoes, the angle of refraction is 
equal to the angle of incidence PCE; for 
ducing the line P C to Q, the angles P C E and F 
being vertical, are equal to each other (Euclid's 
ments, Book I., Prob. 15), as you will easily n 
lect. The angle QC F, then, is equal to the ang 
incidence PCE; therefore the angle of refrai 
R C F or S C F is greater or less. There are, 1 
only two cases which can exist ; the one, in n 
the refracted ray being C R, the angle of refrai 
R C F is less than the angle of incidence PCE; 
the other, in which the refracted ray being C S 
angle of refraction is greater than the angle o 
cidence PCE. In the former case, we say, tha 
ray C R approaches the perpendicular C F ; ai 
the other, that the refracted ray C S recedes o 
viates from the perpendicular. 

It is necessary, then, to inquire in what casei 
one or the other of these changes will take p 
And we shall find that this phenomenon depeni 
the difference of the density of the two mediun 
because the rays are transmitted with more oi 
difficulty through each of them. To prove th 
must be recollected that ether is of all med 
the most rare, and that through which rays are t 
mitted without the slightest resistance. After i 
other common transparent mediums are thu 
ranged : air, water, glass ; thus glass is a me- 
more dense than water, water than air, and air 
ether. 

This being laid down, we have only to attei 
these two general rules : 1st, When rays pass 
a medium less dense into one which is more sc 
refracted ray approaches the more to the pei 
dicular. This is the case in which the inciden 
being P C, the refracted ray is C R. 2dly, Whe 
rays pass from a medium more dense to one let 
the refracted ray recedes from the perpendic 
This is the case in which the incident ray I 



mwfefccnoN of rats. 181 



P C, the refracted ray is C S. Now, this bending is 
greater or less according as the two mediums diner 
in respect of density. Thus rays in passing from 
air into glass undergo a greater refraction than when 
they pass from air into water ; in both cases, how- 
ever, the refracted rays approach the perpendicular. 
In like manner, rays passing from glass into air un- 
dergo a greater refraction than when they pass from 
water into air ; but in these cases the refracted ray 
recedes from the perpendicular. 

Finally, it must likewise be remarked that the dif- 
ference between the angle of incidence and the angle 
of refraction is so much greater, as the angle of in- 
cidence is greater; or, as the incident ray recedes 
farther from the perpendicular, the greater will be 
the bending or refraction of the ray. A relation be- 
tween all these angles exists, and is determinable by 
geometry ; but it is not now necessary to enter into 
the detail. What has been already said is sufficient 
for understanding what I have further to propose on 
the subject.* 

994 July, 1760. 



LETTER XXXi: 

Refraction of Rays of different Colours* 

You have seen that when a ray of light passes 
obliquely from one transparent medium to another, 
it undergoes a bending, which is called refraction, 
and that the refraction depends on the obliquity of 
the incidence and the density of the mediums. I 
must now call upon you to remark, that diversity 

* The phenomenon of refraction furnishes one of tbe strongholds of Sir 
base Newton in defence of the theory of emanations. The directions of 
a ray of lifht in passing from one medium to another of a different den- 
sity conforms to the general law of attraction, by which a mass of matter 
attracts towards itself material particles of great mobility and extreme 
■g ktiMBav— Am. Sd, 

Vol.-I.-L 
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of colours occasions likewise a small variety ii 
refraction. This arises undoubtedly from the 
cnmstance that the rays which excite in us the 
sations of different colours perform unequal i 
bera of vibrations in the same times, and that 
differ among themselves, in the same mann 
sharper or flatter sounds do. Thus, it is obser 
that rays of red undergo the least bending or re 
tion ; after them come the orange ; the yellou 
green, the blue, and the violet follow in order ; 8* 
violet-coloured rays undergo the greatest refrac 
it being always understood that the obliquity o 
incidence and the density of the mediums ar 
same. Hence it is concluded that rays of diff 
colours have not the same refrangibility ; lha 
red are the least, and the violet the most refrang 

If, then, P C Fig. 10, is a ray 
passing, for example, from air 10 * 
into glass; the angle of inci- m 
dence being P C E, the refracted 
ray will approach the perpen- 
dicular C F ; and if the ray be 
red, the refracted ray will be in 
the direction C — red; if it be 
orange, the refracted ray will be 
C — orange ; and so of the rest, 
as may be seen in the figure. 
All these rays deviate from the 
line C Q, which is P C produced, 
towards the perpendicular C F; but the red 
deviates the least from C Q, or undergoes the 
refraction, and the violet recedes the farthest 
C Q, and undergoes the greatest refraction. 

Now if P C is a ray of the sun, it produces at 
all the coloured rays indicated in the figure ; a 
a piece of white paper is placed to receive t 
you will in effect see all these colours ; hence 
affirmed, that every ray of the sun contains at 
all the simple colours. The same thing nappe 
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P C is a ray of white, or if it proceeds from, a white 
body. We see all the colours produced from it by 
refraction, whence it is concluded that white is an 
assemblage of all the simple colours, as we formerly 
showed. In truth, we have only to collect all these 
coloured rays into a single point, and the colour of 
white will be the result. 

It is thus we discover what are the simple colours. 
Refraction determines them incontestably. In fol- 
lowing the order which it presents, they are these : 
1, red ; 2, orange ; 3, yellow ; 4, £reen ; 5, blue ; 6, 
violet.* But it must not be imagined that there are 
but six ; for as difference Of colours arises from the 
number of vibrations which rays perform in one and 
the same time, or rather the undulations which pro- 
duce them, it is clear that the intermediate numbers 
equally give simple colours. But we want names 
by which to designate these colours; for between 
yellow and green we evidently perceive intermediate 
colours, for which we have no separate names. 

In conformity to the same laws are produced the 
colours visible in the rainbow. - The rays of the sun, 
in passing through the drops of water which float 
through the air, are by them reflected and refracted, 
and the refraction decompounds them into the simple 
colours. You must undoubtedly have remarked, that 
these colours follow each other in the same order in 
the rainbow, the red, orange, yellow, green, blue, and 
violet; but we discover in it also all the intermediate 
colours, as shades of one colour to another ; and had 
we more names to distinguish these degrees, we 
might find more of them from the one extremity to 

-* Wbert the beam of light is very small, Dr. Wollastoit found tbat 
there were only four colours, ra. red, yellowish-green, blue, and violet, 
in the proportions 16 23, 35, and 25. These proportions, however, vary 
with the inclination of the ine'denteray, and also with the nature of the 
refracting body, of which the prisrn is. formed. The power of any body 
to produce colour by a separation of the coloured rays is called its dia* 
mtrtw power, which does not depend upon Us refractive power. 8es the 
Edinburgh Encyclopedia, Art Optics, vol xv. p. 485, 541 .-JW. 
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the other. A more copious language may perhaps 
enable another nation actually to reckon a greater 
number of different colours : and another, it may be, 
cannot reckon so many; if, for example, it wants a 
term to express what we call orange. Some to these 
add purple, which we perceive at the extremity of 
the red, but which others comprehend under the 
same name with red. 



C. D. E. F. G. A. B. 




These colours may be compared to the notes of 
an octave, as I have done here, because the relationr 
of colours, as well as those of sound, may be expressed 
by numbers. There is even an appearance, that by 
straining the violet a little more, you may come round 
to a new purple, iust as in rising from sound to sound, 
on going beyond B you come round to e, which is 
the octave above C. And as in music we give to 
these two notes the same name, because of their 
resemblance, the same thing takes place in colours, 
which, after having risen through the intervals of an 
octave, resume the same names ; or, if you will, two 
colours, like two sounds, in which the number of 
vibrations in the one is precisely the double of the 
other, pass for the same, and bear the same name. 

On this principle it was that Father Castel, in 
France, contrived a species of music of colours. He 
constructed a harpsichord, of which every key dis- 
played a substance of a certain colour; and he pre- 
tended that this harpsichord, if skilfully touched, 
Would present a most agreeable spectacle to the eye. 
He gave it the name of the Ocular Harpsichord,* and 

* Ai account of Father Cotter » Ocular Harpsichord will bt found ia 
Dr. Brawaur*a Trunin an tkt KaUidescopt, p. 111.— Ed. 
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you must undoubtedly have heard it talked of. For 
my part, painting rather seems to be that to the eye 
which music is to the ear; and I greatly doubt 
whether the representation of several shreds of cloth 
of different colours could be very agreeable. 
With July, 1760. 



LETTER XXXII. 
Of the Azure Colour of the Heavens, 

You have just seen, that the cause of the visibility 
of objects is a motion of vibration extremely rapid, 
by which the minuter particles of their surfaces are 
agitated, and that the frequency of these vibrations 
determines the colour. 

It is the same thing whether these particles be 
agitated by an intrinsic force, as in luminous bodies, 
or whether they receive their agitation from illumi- 
nation, or from foreign rays, by which they are 
illumined, as in opaque bodies. The frequency or 
rapidity of the vibrations depends on the grossness 
of these particles, and on their elasticity, as that of 
the vibrations of a musical string depends on its 
thickness and degree of tension ; thus, as long as 
the particles of a body preserve the same elasticity, 
they represent the same colour, as the leaves of a 
plant preserve a green colour as long as they are 
fresh ; but when they begin to dry, the difference of 
elasticity which then takes place produces likewise 
a different colour. This subject I have already dis- 
cussed. I now proceed to explain why the heavens 
appear to us of a blue colour m the daytime. 

On observing this phenomenon with a vulgar eye, 
it would appear that we are surrounded by a pro- 
digious vault of azure, as painters represent the sky 
on a ceiling. I have no occasion to undeceive you 
respecting this prejudice : a small degree of reflec- 
L8 
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tkm is sufficient to make you comprehend that the 
heavens are not an azure vault, to which the stars 
are affixed like so many luminous studs. You are 
perfectly convinced that the stars are immense 
bodies, at inconceivable distances from us, and which 
move freely through a space almost void, or which 
is filled only by that subtile matter called ether. 
And 1 will show you that this phenomenon is to be 
ascribed to our atmosphere, which is not perfectly 
transparent. 

Were it possible to rise higher and higher above 
the surface of the earth, the air would become grad- 
ually more and more rare, till it ceased to assist 
respiration, and would at length entirely cease ; we 
• should then have reached the region of pure ether* 
Accordingly, in proportion as we ascend on moun- 
tains, the mercury in the barometer continues to 
fall, because the atmosphere becomes lighter and 
lighter ; and then likewise it is remarked, that the 
azure colour of the heavens becomes fainter; and 
were it possible to mount into pure ether, it would 
entirely disappear : on looking upward, we should 
see nothing at all, and the heavens would appear 
black as night ; for where no ray of light can reach 
us, every thing wears the appearance of black. 

There is good reason, then, for asking, Why the 
heavens appear to be blue ! This phenomenon could 
not exist were air a perfectly transparent medium, 
as ether is : in that case, we should receive from 
above no other rays but those of the stars : but the 
lustre of daylight is so great that the feeble light 
of the stars is absorbed by it. You could not per- 
ceive the flame of a taper in the day-time at any con- 
siderable distance ; but that same flame in the night 
would appear very brilliant at much greater dis- 
tances. This clearly proves, that we must look for 
the cause of the azure colour of the heavens in the 
want of transparency in the air. The air is loaded 
with a gmt quantity of small particles, which are 
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not perfectly transparent, but which, being illumi- 
nated by the rays of the sun, receive from them a 
motion of vibration, which produces new rays proper 
to these particles ; or else they are opaque, and do* 
come visible to us from being illumined.* 

Now, the colour of these particles is blue ; and 
this explains the phenomenon: the air contains a 
great quantity of smajl blue particles : or it may be 
said that its minuter particles are bluish, but of a 
colour extremely delicate, and which becomes sen- 
sible to us only in an enormous mass of air. Thus, 
in a room, we perceive nothing of this blue ; but 
when the bluish rays of the whole atmosphere pene- 
trate our eyes at once, however delicate the colour 
of each singly, their totality may produce a very 
deep colour. 

This is confirmed by another phenomenon, with 
which you must be well acquainted. If you look at 
a forest, from a moderate distance, it appears quite 
green ; but in proportion as your distance increases, 
ft acquires a bluish cast, and this gradually becomes 
deeper and deeper. The forests on the mountains 
of Hartz, which may be seen from Magdeburg, ap- 
pear thence to be blue, but viewed from Halberstaat, 
they are green. The great extent of air between 
Magdeburg and these mountains is the reason of it. 
However delicate or rare the bluish particles of the 
air may be, there is such a prodigious quantity of 
them in that interval, the rays of which enter into 
the eye at once, that they represent a tolerable deep 
Wue.f 

* That the air la loaded with partielea not perfectly transparent, and 
that the vibration of these partielea is the cause of the blueness of the 
aty, -mast be considered merely as an hypothesis. When the atmosphere 
is the most transparent, and moat free, aa it would seem, from foreign 
aaaane panicles, the sky appears of the deepest blue. This beautiful 
cerulean hue doubtless arises fmm the reflection of the bluer ray from 
the mass of the atmosphere itself.— Am. Ed. 

f When the purest spring water is placed in a largo res e r vo ir lined 
with something white, its tint is invariably of a blot aajpar. Heaca 
ariaaaUia Hue cokrar of maaaea of transparent ice, hf-^glaeWrt of 
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We remark a similar phenomenon in a fog, when 
tne air is loaded with a great quantity of opaque 
particles of a whitish colour. On looking only to 
a small distance, you scarcely perceive the fog; hut 
when the distance is considerable, the whitish colour 
becomes very perceptible ; to such a degree that it 
is impossible to see through it. The water of the 
sea appears green at a certain depth ; but when you 
take up a small quantity, as much, for instance, as a 
glass will contain, it is sufficiently diaphanous, and 
has no sensible colour : but in a great extent, when 
you look towards the bottom, so many greenish rays 
collected produce a deep colour. 

27th July, 1760. 



LETTER XXXIII. 

Of Hays issuing from a distant luminous Pointy and 
of the Visual Angle, 

As long as the rays produced by the rapid vibra- 
tion of the minuter particles of a body move in the 
same transparent medium, they preserve the same 
direction, or diffuse themselves in all directions, in 
straight lines. These rays may be represented by 
the radii of a circle, or rather of a sphere, which, 
issuing from a centre, proceed in straight lines to 
the circumference ; and it is on account of this re- 
semblance that we employ the same term radius, or 
ray, to express them, though, properly speaking, the 
light does not consist of lines, but of very rapid 
vibrations, going continually forward, in the direc- 
tion of straight lines ; and, for this reason, light 

Switzerland, aad the fine Blue colour of the Rhone, in Issuing oat of the 
Like of Omgnu—Kd. 

The odpdr jf (fee water, beautifully transparent aa it issues wttk 
iraat yiito a to Jfcaa ffcs lake, is more green than blue.— 4m. Ed, 
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may be considered as straight lines, issuing from a 

luminous point, in all directions.* 

Let C, Fig. 11, be aluminous 
point, from which rays issue in all 
directions. Let two spheres be 
described round C, as a centre, of 
the one of which, let the great 
circle be a b d «, and of the other 
A B D E. The light diffused over 
the surface of the smaller sphere 
a b d e will likewise occupy that 
of the greater sphere AB DE. The light, then, 
must be more faint and weak at the surface of this 
last than at that of the smaller sphere a b d e. 
Hence it may be concluded, that the effect of light 
must be smaller in proportion to the distance from 
the luminous point. If we suppose that the radius 
of the greater sphere is double that of the smaller, 
the surface of the greater sphere will be four times 
as great. Since, therefore, the same quantity of 
light is diffused over the surface of the greater 
sphere, and over that of the smaller, it must follow 
tftat light at double the distance is four times more 
faint ; at thrice the distance, nine times ; at a quad- 
ruple distance, sixteen times ; and so on. 

On applying this rule to the light of the sun, it 
will appear, that if the earth were removed to double 
the distance from the sun, the light derived from 
him would be rendered four times more faint ; and 
if the sun were a hundred times farther from us, 
his brightness would be a hundred times a hundred, 
that is, ten thousand times less. Supposing, then, 
a fixed star to be as. great and as luminous as the 

• It k difficult to conceive why a ray of light ahouM be confined in Its 
direction to straight lines, if it consist only in tot vibrations of in elastic 
and MmverMlly-perradlng ether. There is nothing in aoond analogous 
to this. A loroinnui body, as a star or a candle, cannot bo atso through 
a erected tube. Sound, or mere undulations of an ektetfe aasdiwm, yield 
to no such obstruction. Newton was of opinion, that a*" 
■re du ced by toe sun would circumvohre the earth, ( 
theory than should, be no darkness at alL— XaV 
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mm, but that it was 400,000 times farther frt 
its light «A be 400,000 times 400,000, tl 
160,00ft,0i0^00 times more faint than that 
sun. Hence we see, that the light of a fixed 
nothing compared to that of the sun ; and this 
reason that we do not see the stars in the da; 
as a feebler light always disappears in prese 
one much more bright. The same thing hold 
with respect to candles, and all other lui 
bodies which administer less light in propor 
their distance from us ; and you must have fireq 
remarked, that however strong a light may b 
insufficient to assist us in reading a printed b< 
you remove from it to any considerable dista 

There is still another circumstance closel 
nected with what I have just observed, n: 
that the same object appears smaller to us i 
portion to its distance. A giant at a gres 
tance does not appear taller than a dwarf ne 
To form a clearer judgment of this, it is nec 
to attend to the angles at which these objec 
seen by us. 

Let us suppose, then, .FYg-. 12. 

A B, Fig. 12, to be an 
object, for example, a 
man, and that the eye 
looks at it from the 
point C. Draw from 
that point the straight 
lines A C and B C, 
which represent the 
extreme rays proceeding from the object to th 
we call the angle formed at O the visual anj 
that object for the point C. If we look at the 
object from a smaller distance, at D, the visual 
D will be undoubtedly greater : hence it is 
that the more distant the same object is, the s 
is its YfMl angle ; and the nearer it approach 
visual iQe becomes greater. 
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Astronomers measure very at nnijlrijjhe angles 

under which we see the heavenly tttifin) and tney 
have found that the visual angle of the sun is some* 
what more than half a degree. If the ana were 
twice as far from us, this angle would be reduced 
to the half; and then it will not seem surprising 
that it should furnish us four times less Kght. And 
if the sun were 400 times farther off, his visual angle 
.would beeome so many miles less, and then that 
luminary would appear no greater than a star. We 
must therefore carefully distinguish the apparent 
greatness of any object from its real greatness. 
The first is always an angle greater or less, accord- 
ing as the object is nearer or more distant. Thus 
the apparent greatness of the sun is an angle of 
about half a degree, whereas his real magnitude far 
surpasses that of the earth ; for the sun being a 
globe, his diameter is estimated to be about 790,000 
English miles, while the diameter of the earth is- 
only 7912 English miles. 
29th July, 1760. 



LETTER XXXIV. 
Of the Assistance which Judgment lends to Vision. 

What I have now submitted to you on the phe- 
nomenon, of vision belongs to optics, which is a 
branch of mixed mathematics, and which likewise 
holds a considerable rank in physics. Besides 
colours, the nature of which I have endeavoured 
to explain, it is the business of optics to treat of the 
manner in which vision is performed, and of the 
different angles under which objects are seen. 

You must have already remarked, that the same 
object may be viewed, sometimes under a greater 
visual angle, sometimes under a smaller, as it is less 
or more distant from us* I say, further, that a 
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small object may be viewed under the same angle as 
a great oney when the former is very near, and the 
latter very distant. A small dish maybe placed be- 
fore the eye in such a manner as to cover the whole 
body of the sun ; and, in reality, a plate of half a 
foot diameter, at the distance of 54 feet, exactly 
covers the sun, and is seen under the same angle ; 
and yet what a prodigious difference is there be- 
tween the size of a plate and that of the sun. The 
full moon appears to us under nearly the same visual 
angle as the sun, and of consequence, nearly as great, 
though really much smaller ; but it is to be consid- 
ered that the sun is almost 400 times more remote 
from us. than the moon. 

The visual angle is a point of so much the more 
importance in optics, that the images of the objects 
which paint themselves on the bottom of the eye 
depend upon it. The greater or less the visual angle 
is, the greater or less they (the objects) are great 
or little. And as we see objects out of ourselves 
only so far as their images are painted on the bot- 
tom of the eye, they constitute the immediate object 
of vision or sensation. One of these images, there- 
fore, leads us to the knowledge only of three things. 
First, its figure and its colours conduct to the con- 
clusion, that there is, out of us, a similar object of 
such a figure, and such a colour. Secondly, its 
magnitude discovers the visual angle under which 
the object appears to us ; and, finally, its place on 
the bottom of the eye makes us sensible of the 
direction of the external object relatively to us, or 
that in which the rays emitted from it reach our 
eyes. 

In these three particulars consists the phenome- 
non of vision ; and we only perceive, 1st, the figure 
and colours ; 2dly, the visual angle, or the apparent 
magnitude ; and, 3dly, the direction, or the place in 
which we conclude that the object exists. Vision, 
then, discovers to us nothing respecting either the 
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veal magnitude of objects, or their distances. Though 
we frequently imagine that we can determine by the 
eye the magnitude and distance of an object, this 
is not An act of vision, but of the understanding. 
The other senses, and habits of long standing, en- 
able us to calculate at what distance an object is from 
us. But this faculty extends only to objects at no 
great distance. Whenever their distance becomes 
considerable, our judgment cannot exercise itself 
with certainty; and if sometimes we venture to 
hazard a decision, it is generally very remote from 
the truth. 

Thus, no one can pretend to "say that he sees the 
magnitude or the distance of the moon ; and when 
the vulgar imagine they can judge of the first, by 
considering it as equal to that of the terrestrial 
bodies which are seen under the same angle, it is 
not by vision they are deceived, but by their judg- 
ment, which they want to apply to an object far be- 
yond their reach. It is certain, therefore, that the 
eyes alone can determine nothing respecting the 
distance and magnitude of objects. 

To this subject may be referred the very remark- 
able case of a man born blind, who obtained sight 
by means of an operation, at an advanced period of 
life* This person was at first dazzled ; ne could 
distinguish nothing as to the magnitude and distance 
of objects. All objects appeared so near that he 
wanted to handle them. A considerable time and 
long practice were requisite to bring him to the real 
use of sight. He was under the necessity of serving 
a long apprenticeship, such as we perform during 
the term of childhood, and of which we afterward 
preserve no recollection. 

This it is which instructed us, that an object ap- 

* TUt wm tbe young mail, blind from cataract, on whom oar country- 
MB CkfULn. perforated too operation of couching. An account of 
(Ma interesting .caaa, which is ao often referred to, will be found in the 
naattmkictl '^Transaction* for 1738, fU. xxxr. p. 447.-Ed. 

Vol. 
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pears to us so much the more clear and distinct as 
it is nearer ; and reciprocally, that an object which 
appears clear and distinct is near ; and when it ap- 
pears obscure and indistinct, that it is at a distance. 
It is thus that painters, by weakening the tints of 
the objects which they wish to appear remote, and 
strengthening those which they would represent as 
nearer, are enabled to determine our judgment con- 
formably to the effect which they mean to produce. 
And they succeed so perfectly, that we consider 
some of the objects represented in painting as more 
distant than others, an illusion which could not take 
place if vision discovered to us the real distance 
and magnitude of objects. 
1st August, 1760. 



LETTER XXXV. 
Explanation of certain Phenomena relative to Optics 

You have just seen, that vision alone discover* 
to us nothing respecting either the real magnitude 
or the distance of objects ; and that all we imagine 
we see, whether as to the distance or magnitude of 
any object, is the effect of judgment. We most 
carefully distinguish that which the senses Ytf*» 
sent to us, from what judgment adds, in which wt 
frequently deceive ourselves. Many philosopher 
who have declaimed against the accuracy of tfce 
senses, and who meant thence to infer the uncer- ! 
tainty of all human knowledge, have confounded the ' } 
proper representation of our senses with judgment 

This is their mode of reasoning : We see the wn J 
no bigger than a trencher, though it be infinitely * 
greater ; therefore the sense of seeing deceives us; * 
therefore all our senses deceive us ; at least, we can- * 
not depend on them ; therefore, all the knowledge £ 
we acquire by means of the senses is uncertain, £ 
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and probably false: we therefore know nothing. 
Such is the reasoning of these skeptics, who boast 
so vaingloriously of their ingenuity ; though there 
be nothing so easy as to say that every thing is un- 
certain ; and the greatest dunce may make a shining 
figure in this sublime philosophy. But it is abso- 
lutely false that the sight represents to us the sun 
no bigger than a pewter plate ; it determines nothing 
whatever respecting his magnitude ; it is our judg- 
ment alone that deceives us. When the objects, 
however, are not very distant, we can pronounce 
with tolerable exactness on their dimensions and 
distances ; and the other senses, joined to the degree 
of clearness with which we see these same objects, 
render our judgments sufficiently certain. Now, as 
soon as we have the idea of the distance of an object, 
we form to ourselves, likewise, that of its real mag- 
nitude, knowing that it depends on that distance. 
Hence, the more distant we reckon an object to be, 
the greater we conclude is its magnitude: and re- 
ciprocally, the nearer we conclude it is, the smaller 
we 8Uppose.it. We, of course, frequently take one 
body tor another of much greater magnitude, when 
a suspension of judgment prevents our taking dis- 
tance into the account. The reason is, that a very 
large body may be seen at a great distance, under 
the same angle as a small object placed near us. 

There is another phenomenon well known to 
every one, and which has given occasion to many 
disputes among the learned, and which it is now 
perfectly easy to explain. The full moon appears 
to every eye at the time of her rising to be much 
creator than when she has got to a considerable 
height above the horizon, though the visual angle 
of the apparent magnitude be the same. The sun, 
too, at the time of rising and setting, appears to 
every one greater than at noon. What then is the 
foundation of this judgment, so universal, and so 
Mime 1 It is undoubtedly because we judge the sua 
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and the moon in the horizon to be at a greater dis- 
tance from us than when they hare got to a consid- 
erable height 

Bnt how come we to form such a judgment 1 The 
common answer is, that when the sun and the moon 
are in the horizon, we perceive a great many objects 
between them and us which seem to increase their 
distance ; whereas, when the sun and moon hare 
risen to a great height, we perceive nothing between 
them and us, and therefore conclude that they are 
nearer. I know not whether this explanation will 
be satisfactory. It may be objected, that an empty 
apartment appears greater than one completely rur- 
mshed, though the size be exactly the same ; several 
intervening objects, therefore, do not always lead us 
to imagine that one more remote is at a greater dis- 
tance than is really the case. I flatter myself that 
the following solution will be deemed more natural 
and better founded. 
Let the circle A, Fig. 13, represent 
the earth, and the dotted circle the 
atmosphere or air with which the 
earth is surrounded ; suppose your- 
self stationed at the point A, if 
the moon is in the horizon, the 
rays will reach you in the direc- 
tion of the line B A; but in her 
extreme height, the rays will de- 
scend in the line C A. In the first 
case the rays pass through the greater space B A, 
and in the second case through the smaller space 
C A. Now you will please to recollect, that the rays 
of light which pass through a transparent medium 
have their force diminished in proportion to the 
length of the passage. The atmosphere or air, then, 
being a transparent medium, the ray B A must in its 
passage lose much more of its force than the ray 
C A. Hence it follows in general, that all the celes- 
tial bodies appear much less brilliant in the horizon 
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than when folly risen and elevated. We are able 
to look directly even at the sun when he is in the 
horizon; but when once he has gained a certain 
height, the eye is constrained to shrink from his 
lustre. 

I conclude from this that the moon, too, appears 
less brilliant in the horizon than when elevated.* 
Now you will recollect what I said a little above, in 
speaking of effect in painting, that the same object 
appears to us more distant when its light is weak- 
ened : the moon, then, being in the horizon, must 
appear more distant than at any point of elevation. 
The consequence is obvious ; as we judge the dis- 
tance of the moon greater in the horizon, we must 
likewise judge her magnitude greater. And in gen- 
eral all the stars, when near the horizon, appear 
to us greater, because their apparent distance is 
greater. 

3d August, 1760. 

* A more complete explanation of this phenomenon will be fbond in 
Dr. Smith's Optics, vol. i. p. 68. He shows that the apparent figure of 
the sky resembles BPBD, Fig. 39, p. 183, being much less than a hemi- 
sphere; and considering that the moon at m it subtends an angle 
nOs equal to the angl«N> Op,' which it subtends at o p, he concludes 
that the moon must appear much larger at o p than at m n, in conse- 
quence of its being supposed to be at a much greater distance. When a 
star seemed to be half-way between the horizon and the zenith, Dr. Smith 
found Us real altitude to be only 33° ; and upon this principle he oon- 
atrtteted the following table :— 



t or Moon's altitude, 
in degrees. 

16 

to 

45 

60 

75 



Apparent diameters, 
or distance*. 
100 
06 
50 
40 
84 
81 
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LETTER XXXVI. 
Of Shadow. 

I have endeavoured to explain almost all that U 
usually treated of in optics. All that remains is %$ 
speak of shadow. You already know too weft what 
is meant by shade or shadow, to render it necessary 
for me to dwell long on the subject. Shadow always 
supposes two things : a luminous body, and an opaque 
body which does not transmit the rays of light. 
The opaque body, then, prevents the rays of a lu- 
minous body from getting behind it, and the space 
which the rays cannot reach from this interception- 
is called the shadow of the opaque body ; or, what 
comes to the same thing, shadow includes all that 
space in which the luminous body is not to be seen, 
because the opaque body obstructs its rays. 

Let A, 2^.14, pi gt M . 

be a luminous 
point, and B C 
D E an opaque 
body. Draw the 
extreme rays A 
B M, A D N, 
touching the o- 
paquebody. It 
is evident that 
no ray of light 

Sroceeding from A can penetrate into the space 
IBEDN; and in whatever point within that space 
the eye may be placed, at 0, for example, it will not 
see the luminous body. This space is the shadow 
of the opaque body ; and we see that it is contin- 
ually increasing, and may extend to infinity. But 
if the body from which the rays proceed be itself 
of great magnitude, the determination of the shadow 
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lewhat different. There are three cases which 
nd consideration; the first is, when the lumi- 
body is less than the opaque ; the second, when 
are equal ; and the third, when the luminous 
is the greater. The first case is that which 
are now been considering, in which the light 
slier than the opaque body, 
e second is Fig m 15. 

sertedinJV^. a j 
1iere the lu- & Zm 
is body A is 1 V , 

» same mag- II' ' * r 

5 with the 

te body B C E D. If you draw the extreme rays 
fcf, A B N, the space M B B N will be shaded, 
tirough the whole of that space it will be ira- 
rie to see the luminous body. You see like- 
that the lines B M and E N are parallel, and 
lie shadow extends to infinity, always preseni- 
le same breadth, 
te third Fig. 16. 

a exhib- 

iFig.lQ, 
9 the lu- 1 
us body 
• great- 
tan the 
is body 
fD. The 
me rays 
ing the 
w body 
H>dE,if 
iced* will 
in the 
-O, and 

pace of the shadow BOE becomes finite, and 
nates in O. The shade in this case is termed 
aL It is only into this space that the light has 
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no admission, and in which it is impossible to see 
the luminous body. To this third case belongs the 
shadows of the celestial bodies, which are much 
smaller than the luminous body which enlightens 
them, namely, the sun. 

We have here, then, another display of the Crea- 
tor's wisdom. For if the sun were smaller than 
the planets, their shadows would not be terminated! 
but extend to infinity, which would deprive immense 
spaces of the benefit of the sun's light. But the 
magnitude of that luminary surpassing by so many 
times that of the planets, their shadows are con- 
tracted to very narrow bounds, from which alone the 
light of the sun is excluded. 

It is thus that the earth and the moon project 
their conical shadows ; and the moon may occasion- 
ally plunge into the shadow of the earth either par- 
tially or totally. When this takes place, we say the 
moon is eclipsed, either wholly or in part. In the 
former case we call it a total eclipse of the moon ; 
in the other, a partial- eclipse. The moon likewise 
projects her shadow, but it is smaller than that of 
the earth. It may happen, however, that the shadow 
of the moon should extend as far as to the earth; 
and then those who are involved in that shadow 
undergo an eclipse of the sun. An eclipse of the 
sun, then, takes place when the moon, interposing, 
prevents our seeing the sun wholly, or in part. Vfe 
see not the sun by night, though there be no eclipse; 
but we are then m the shadow of the earth, which 
causes our greatest obscurity. - . 

Hitherto we "have considered only the cases in 
which the rays of light are transmitted in straight 
lines, which is the professed object of optics. But 
it has been already remarked, that the rays of light 
are sometimes reflected, and sometimes broken or 
refracted. You will recollect, that when the rays 
fall on a well-polished surface, such as a mirror, they 
are reflected from that surface ; and when they pats 
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from one transparent medium to another, they un- 
dergo refraction, and are in some sense broken. 
Hence arise two other sciences. That which con- 
siders vision in reference to reflected rays is called 
catoptrics ; and that which has for its object vision, 
in reference to broken or refracted rays, is termed 
hsptrtcs. Optics treat of vision relatively to direct 
rays of fight 1 shall present you with a summary 
of these two sciences catoptrics and dioptrics, as 
they disclose phenomena which are every day pre- 
senting themselves, and of which it is of importance 
to investigate the causes and the properties. Every 
thing relating to the subject of vision is, beyond 
contradiction, an object highly worthy of exciting 
curiosity, and of engaging attention. 
5tt August, 1760. 



LETTER XXXVII. 

Of Catoptrics, and the Reflection of Rays from plain 
' Mirrors. 

Catopteios treat of vision relatively to reflected 
rays. When rays of light fall on a well-polished 
surface, they are reflected in such a manner that the 
angles on au sides are equal among themselves. 

To set this in a „. 
clear light, let A B, Ftg.n. 
Fig. 17, be the sur- 
face of a common 
mirror, and P a lu- 
minouspoint,whose 
rays P Q, P M, 
P m, fall upon the 
mirror. Of all these 
rays, let PQ be that 
which falls perpen- 
dicularly on the 
mirror, and which has this particular and remwtabta 
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property, that it is reflected upon itself in the direc- 
tion of Q P; just as on a billiard-table, when the 
ball is struck perpendicularly against the ledge, it is 
repelled in the self-same direction. Bat every other 
ray, as P M, is reflected in the line M N, in such a 
manner as to make the angle A M N equal to the 
angle BMP; in which it is to be remarked, that 
the ray P M is named the incident ray, and M N the 
reflected ray. In like manner, to the incident ray 
P m will correspond the reflected ray m n ; and, 
consequently, because of the reflection, the ray 
P M is continued in the direction of the line M N, 
and the ray P m in the direction of m n, so that we 
have the angle A M N equal to B M P, and the 
angle Am n equal to the angle B m.P. This prop- 
erty is thus enounced : The angle of reflection is 
always equal to the angle of incidence. 

I have already taken notice of this striking prop- 
erty; but my design at present is to show what 
the phenomena in vision are which result from it. 



ceive from the luminous point P the reflected nr 
M N ; thus, the ray which excites in that eye th 
sensation of the body from whence it proceede 
comes in the direction M N, just as if the object 
were in some point of that line ; hence it folic* 
that the eye must see the object P in the direct* 



In order the more clearly to elucidate this ft 
we must have recourse to geometry ; and you i 
recollect with pleasure the propositions on wl 
the following reasoning is founded. Let the perj 
dicular ray P Q be produced on the other side 
mirror to R, so that Q R shall be equal to P ' 
will show you that all the reflected rays M E 
m n, being produced behind the mirror, must 
in that point. For, taking the two triangles P 
and RQM, they have first the side M Q coi 
to both ; then the side Q R was made equal 1 
side PQ; and, finally, the angle PQ M being; 



First, it is evident that 




>laced at N will re 
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angle, its adjacent angle R Q M must likewise be a 
right angle (Euclid's Elements, Book I. Prop. 13). 
Therefore these two triangles, having each an equal 
angle contained by two equal sides, shall be every 
way equal (Euclid, Book I. Prop. 4) ; and conse- 
quently the angle P M Q equal to the angle R M Q. 
But the angle A M N, and the angle RMQ, being 
vertical, are equal to each other (Euclid, Book I. 
Prop. 16) ; therefore also the angle A M N shall 
be equal to the angle P M Q; that is, the angle 
of reflection shall be equal to the angle of inci- 
dence. 

In the same manner it is demonstrated, that tfie 
reflected ray m n, being produced, would likewise 
pass through the point R, and consequently produce 
in the eye the same effect as if the object P were ac- 
tually placed behind the mirror at R, this point being 
in the perpendicular P Q R, at the same distance as 
1 P from the surface of the mirror, but on different 
sides. Tfiis will enable you to comprehend clearly 
why mirrors represent objects as if they were 
behind them ; and why we judge that these objects 
are placed as far behind the surface of the mirror as 
they really are before it. It is thus that tl*e mirror 
transports objects into another place, without chang- 
ing their appearance. To distinguish in the mirror 
the apparent object from the real, we name the ap- 
parent object the image, and we say that the images 
. represented by reflected rays are behind the mirror. 
This denomination serves to distinguish real objects 
from the images of them represented in mirrors ; 
and the images which we see in mirrors are per- 
fectly equal and similar to the objjcts, with this, ex- 
ception, that what in the object is on the left appears 
in the image on the right, and reciprocally. Thus a 
person wearing his sword on the left side, appears 
with it in the mirror on his right. 

from what has been said, it is always easy to 
settle the image of any object whatever behind the 
mirror* 
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For A B^V. 18,being j^. is. 

a mirror, and E F an 
object, say an arrow: 
draw from the points E 
and F the perpendicu- 
lars E 6 and F H, to 
the surface of the mir- 
ror, and produce these 
to e and /, so that E 6 
shall be equal to e G, 

andFHto/H,e/will ^ — U } 

be the image sought, 
which will be equal to 
the object E F, because 
the quadrilateral figure 
G c/H is in all respects equal to the quadrilate 
ure G E F H. It must be still farther remarkc 
were you even to cut off from the mirror a r 
C B, and A C was the mirror, the image ef 
not be changed. And consequently, when the 
is not sufficiently large to admit the falling of t 
pendiculars E G and F H upon it, we must si 
the plane of the mirror to be extended, as we p 
lines in geometry when we want to let fall per] 
ular8 upon them. What I have said respeci 
common mirrors, whose surface is perfectly 
Convex and concave mirrors produce different < 

7th August, 1760. 



LETTER XXXVm. 

Reflection of Rays from Convex and Concave Jk 
Burning Mirrors. 

Evert thing relating to- the reflection of i 
reduced, as you have seen, to two things ; tl 
of which is the place of the image which the re 
rays represent ; and the other the relation 
image to the object. In ordinary or plain m 
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the image of the object is behind the mirror, at a 
distance equal to that of the object before the mir- 
ror, and it is equal and similar to the object. To 
both of these circumstances we must attend when 
the mirror is not plain, but when its surface is con- 
vex or concave ; for in either case the image is, for 
the most part, strangely disfigured. You must fre- 
quently have remarked that on presenting any ob- 
ject before a spoon very highly polished, you see its 
image greatly disfigured, whether reflected from its 
interior surface, which is concave, or from its exte- 
rior, which is convex. 

A globe of silver, finely polished, represents ob- 
jects with sufficient accuracy, but in miniature. If 
the interior surface of the globe is well polished, 
objects appear upon it magnified ; provided always 
that they are not too distant. For the same objects 
may likewise appear smaller and inverted, if they are 
removed far from the mirror. There is no occasion 
to take a whole globe ; any part of its surface what* 
ever produces the same effect. These mirrors are 
denominated spherical ; and there are two sorts of 
them. The one is convex and the other concave, 
according as they are taken on the exterior or inte- 
rior surface of the sphere. They are compounded 
of various metals, susceptible of a fine polish ; 
whereas plain mirrors are made of a plate of glass, 
and covered on one side with a preparation of mer- 
cury, designed to stop the passage of the rays, and 
to reflect them. I begin with convex mirrors. 

LetACB,i^.l9. Fig. 19. 

be a mirror, the seg- 
ment of a sphere, ^ 
whose centre is G. 
If you place before 
this mirror an ob- 
ject E, at a great 
distance, its image 
will appear behind 

Vol. I.— N 
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the mirror, at the point D, the middle pou. 
the radius of the sphere C G ; and the magn 
of this image will be to that of the object in 
relation of the lines C D and C E : it will t 
fore be in this case much smaller than the obje 
the line C D is in effect much smaller than the 
C E. If the object E approaches to the mirro 
likewise will its image. This is all demonsti 
on geometrical principles, by supposing that an 
cident ray whatever, say K M, is reflected in 
direction of M N, so that the angle B M N m 
equal to the angle C M E. Thus, when the e 
at i\\ receiving the reflected ray M N,it will se 
object E, according to that direction, and w j I 
serve it in the mirror at the point D; or, in 
words, D will be the image of the object plac 
E, but smaller. It is likewise easy to see, tha 
smaller the sphere is, of which the mirror is a 
ment, the more likewise is the image diminish^ 
I proceed to concave mirrors, the use of whi 
very common on many occasions. Let A 
Fig. 20, be a mi> 
ror, forming part 
of a sphere, whose 
centre is G, and 
GOaradius. Let 
us suppose an ob- 
ject E very dis- 
tant from the mir- 
ror, its image will 
appear before the 
mirror at D, the middle point of the radius C G 
any ray of light whatever, E M t from the obje< 
fall ling on the surface of the mirror at the poin 
will be reflected thence in such a manner as to 
through the point D ; and when the eye is plac 
N, it will see the object at D ; but this image w 
to the object in the ratio of C D to C E, and co 
qnently ill this case smaller than it. And when 
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bring 1 the object nearer to the mirror, the image re- 
tiros ; the object being placed even at the centre G, 
the image is there likewise. If you bring the ob- 
ject still forward to D, the image will retire infinitely 
beyond E. But if the object he placed still farther 
forward, between C and D, the image will fall behind 
the mirror, and appear greater than the object. 

When you look at yourself m such a mirror, at 
lome point between D and C, your face will appear 
frightfully large. This is explained by the nature 
of reflection, in virtue of which the angle of inci- 
dence E M A is always equal to the angle of reflec- 
tion CM N. To this species must be referred mim- 
ing mirrors, and every concave mirror may be em- 
ployed to burn. This remarkable property merits a 
more particular explanation* 

Let A B C, Fig. 31, be a concave mirror, 
whose centre is G, and instead of the ob- 
ject, let the sun be at £ ; his reflected 
rays will represent the image of the sun at r^LA 
D, the middle point between C and G. I ; / 
Now, the magnitude of this image will be 1 f 
rk'Urmined by the extreme rays S C, S C, I | 
This image of the sun will be accordingly I J 
very small ; and as all the rays of the sun 1 1 
which fall on the mirror ABC are reflected I I 
in this image, they will be collected there, 1 f 
and will have so much more force, as the IL 
image D is smaller than the surface of the I 
mirror* But the rays of the sun are endowed 
with the property of heating the bodies on 
which they fall, as well as that of illuminating them ; 
hence it follows that there must be at D a great de- 
gree of heat ; and when the mirror is sufficiently 
large, this heat may become stronger than the most 
ardent fire. In fact, by means of such a mirror you 
may bum in an instant any combustible body, and 
ereo melt metals of every kind. It is the imago 

I m 
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of the sun alone which produces these surprising 
effects.* This image is usually denominated the 
focus of the mirror ; it falls always in the middle 
point of the radius C G, between the mirror audits 
centre G. 

You must carefully distinguish burning mirrors 
from burning-glasses, of which I shall give some ac- 
count in my next Letter. 

9th August, 1760. 



LETTER XXXIX. 
Of Dioptrics. 

Having explained the principal phenomena of 
catoptrics, which result from the reflection of the rays 
of light, I proceed to treat of dioptrics, whose ob- 
ject is to unfold the phenomena of the refraction of 
rays, which takes place when they pass through dif- 
ferent transparent mediums. A ray of light does 
not pursue the same straight line, unless it continues 
its progress through the same medium. As soon as 
it enters another transparent medium, it changes its 
direction more or less, according as it falls upon it 
more or less obliquely. There is only one case in 
which it pursues a rectilinear course, namely, when 
it enters the other medium perpendicularly. 

The instruments principally to be considered hi 
dioptrics are the glasses employed in the construc- 
tion of telescopes and microscopes. These glasses 
are of a circular form, but with two faces. Ever) 
thing relating to them is reducible to the figure of 
these two faces, which may be plain, or convex, oi 

* The author could hardly mean that a mere image could produce sad 
an effect as is here spoken of. If light or heat consists of ethereal pub* 
tions, there must be a concentration of the vibratory pulses in the fbcat 
of the mirror, as aerial pulses are brought to a point in a wnispering-Ctt 
lery, or in the axis of an ear-trumpet.— Jim. Ed. 
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tjoncave. Their convexity or concavity is always 
equal to that of a sphere, of which the radius must 
be known, it being considered as the measure of the 
curve of those surfaces. This being laid down, we 
shall have several kinds of dioptric glasses. 



Fig. 22. 




The first species, No. 1. Fig. 22, is that whose two 
faces are plain. By cutting a circular piece out of a 
plate of glass of equal thickness, we shall have one of 
this species which makes no change on objects either 
L as to magnitude or distance. Glass No. II. has one of 
its surfaces plain, and the other convex ; and such are 
termed plano-convex. The third species, No. III. , has 
one face plain, and the other concave ; and these are 
called plano-concave. The fourth, No. IV., has two con- 
vex sui faces ; and is called double-convex. No. V. has 
two concave surfaces, and is called double-concave. 
The species Nos. VI. VII. have one surface convex and 
the other concave ; and we give them the name o f 
meniscus. All these lenses are reducible to two 
classes ; the one containing those in which convexity 
prevails, as Nos. II., IV., VI. ; in the other, concavity 
is predominant, namely, Nos. III., V., VII. The 
former class is simply denominated convex, and the 
latter concave. These two classes are distinguished 
by the following property. 

Let A fi, Fig. 23, be a convex glass, exposed to a 
very distant object E F, whose rays G A, G C, G B, fall 
on the glass, and passing through it, undergo a refrac- 
tion which will take place in such a manner, that 
N3 
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the rays proceeding from the point G F*g- 83- 
shall meet on the other side of the glass 
in the point g. The same thing will hap- 
pen to the rays which proceed from every 
point of the object. By this alteration 
all the refracted rays A /, B m, C n, will 
pursue the same direction as if the object 
were at e, g,f, and inverted; and it will 
appear as many times smaller as the dis- 
tance C g shall be contained .in the dis- 
tance C G. We say, then, that such a 
glass represents the object E F behind it 
at e f ; and this representation is called 
the image, which is consequently inverted, 
and is, with the object itself, in the ratio 
of the distances of the glass from the 
image, and of the glass from the object. 

It is clear, then, that if the sun were the object, 
the image represented at e f would be that of the 
sun ; though very small, it will be so brilliant as to 
dazzle the eye, for all the rays which pass through 
the glass meet in this image, and they exercise their 
double power of giving light and heat. The heat 
there is nearly as many times greater as the surface 
of the glass exceeds in magnitude the image of the 
sun, named its focus, from which, if the glass be very 
great, you may produce the greatest effects of heat. 
Combustible substances placed in the focus o£ such 
a glass are instantly consumed. Metals are melted, 
and even vitrified by it ; and other effects are produced 
far beyond the reach of the most active and intense 
fire. 

The reason is the same as in the case of burning 
mirrors. In both, the rays of the sun, diffused over 
the whole surface of the mirror or glass, are collected 
in the small space of the sun's image. The only 
difference is, that in mirrors the rays are collected 
by reflection, and in glasses by refraction. Such is 
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the effect of convex glasses, which are thicker in the 
middle than at the extremities, and which I have rep- 
resented in Nos. II., IV., and VI. Those represented 
in Nos. III., V., and VII. are thicker at the extrem- 
ities than at the middle ; and being all comprehended 
under the term concave, produce a contrary effect. 
Let A C B, Fig. 24, be a glass of this form. 
If you expose to it, at a great distance, 
the object E GF, the rays G A, G C, GB, 
proceeding from the point G, will un- 
dergo a refraction, on leaving the glass 
in the direction of A /, C m, and B n, as 
if they had issued from the point g ; and 
an eye placed behind the glass, at m, for 
example, will see the object just as if it 
were placed at e g f, and in a situation 
similar to that in which it is at the point 
6) bat as many times smaller as the dis- 
tance C G exceeds the distance G g. Con- 
vex glasses, then, represent the image of 
a very distant object behind them, con- 
cave glasses represent it before them ; the 
former represent it inverted, and the 
latter in its real situation. In both the image is as 
many times smaller as the distance of the object from 
file glass exceeds that of the glass from the image. 
On this property of glasses is founded the construc- 
tion of telescopes, spectacles, and microscopes. 
Uth August, 1760. 




LETTER XL. 

Conlinuation.-~Of Burning-glasses and their Focus. 

Convex glasses furnish some further remarks, 
which I beg leave to lay before you. I speak-here 
of those glasses in general which are thicker in the 
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middle than at the extremities ; whether both sur- 
faces be convex, or one plain and the other convex ; 
or, finally, one concave and the other convex ; pro- 
vided, however, that the convexity exceed the con- 
cavity, or that the thickness be greater at the middle 
than at the extremities. It is further supposed, that 
the glasses have a spherical figure. 

They have first this property, that being exposed 
to the sun, they present behind them a focus, which 
is the image of that luminary, and which is endowed, 
like it, with the property of illuminating and burn- 
ing. The reason is, that all the rays issuing from 
the sua, and falling on this surface, are collected by 
the jrefraction of the glass into a single point. The 
same thing happens, whatever be the object exposed 
to such a glass ; it always presents the image of it, 
which you see instead of the object itself. The 
following figure will render what 1 have -said more 
intelligible. 

Let A B C D, Fig. 25, be a convex Fig. 25. 
glass, before which is placed an object 
E G F, of which it will be sufficient to 
consider the three points E, G, F. The 
rays which, from the point E, fall upon 
the glass, are contained in the space 
A E B ; and are all collected in the 
space A e B by refraction, so as to meet 
in the point c. In the same manner, the 
rays from the point G, which fall on 
the glass, and which fill the space 
A G B, are comprehended by means of 
refraction in the space A g B, and meet 
in the point g. Finally, the rays from 
the point F, which fall on the glass in 
the angle A F B, are refracted so as to 
meet in the point /. Thus we shall 
hive the image e gf in an inverted position behind 
the glass; and an eye placed at 0, behind the image, 
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will be affected in the same manner as if the object 
were at e gf inverted, and as many times smaller 
as the distance D g is smaller than the distance G O. 

In order to determine the place of the image e gf 9 
we must attend as well to the form of the glass as 
to the distance of the object. As to the first, it may 
be remarked, that the more convex the glass is, in 
other words, the more that the thickness of the mid- 
dle C D exceeds that of the extremities, the nearer 
the image will be to its surface. With regard to tho 
distance, if you bring the object E F nearer to the 
gats, its image e / retires from it, and reciprocally. 
The image cannot be nearer to the glass than when 
the object is at a very great distance from it. The 
image is then at the same distance as that of the sun 
would be, which point is denominated the focus of 
the lens. When the object, then, is very distant, 
the image falls in the very focus; and the nearer 
you bring the object to the glass, the farther the 
image retires from it, and that in conformity to a 
law in dioptrics, by means of which you can always 
determine the place of the image for every distance 
of the object, provided you know the focus of the 
glass, that is, the distance at which it collects the 
rays of the sun, in a space sufficiently small to set 
on fire a body exposed to it. 

The point where the rays meet is, as has been 
said, the place of the image. Now, this point is 
easily found by experience. The different denomi- 
nations of glasses are derived from it, as when we 
say, such a glass has its focus at the distance of an 
inch, another at the distance of a foot, another at 
the distance of ten feet, and so on ; or, more con- 
cisely, a glass of an inch, a foot, or ten feet focus. 
Long telescopes require glasses of a very distant 
focus, and it is extremely difficult to make them 
exact. I once paid 150 crowns for one lens, which 
J sent to the academy of Petersburg ; it has its 
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focus at the distance of 600 feet.* I am convinc 
it was of no great value ; but they wished to ha 
it on account of its rarity. 

To be satisfied that the representation of tl 
image e gf in Fig. 26 is real, you havo only 
hold at that place a piece of white paper, the pi 
tides of which are susceptible of the different kin 
of vibrations on which colours depend. Then a 
the rays from the point E of the object, on meets 
at the point e, will put the particles of the paper in 
• a movement of vibration similar to that which tl 
point E has, and consequently you will see the poi 
e of the same colour as the point E. In like ma 
ner the points g and / will have the same colours 
the points 6 and F of the object ; and you will hk 
wise see on the paper all the points of the obje 
expressed in their natural colours ; which will rept 
sent the most exact and the most beautiful pictn 
of the object. This will succeed perfectly well in 
dark room, by applying a convex lens to a ho 
made in the shutter. You will then see on a she 
of white paper, placed opposite to the aperture 
the shutter, all the external objects so exact 
painted, that you may trace them with a Dene: 
Painters make use of such a machine for designii 
landscapes and other views, f 

Uth August, 1760. 

* The large* lenses ground by Oampanl, of Bologna, had a An 
length of 100 and 186 feet Huygene pretested to the Royal Sock 
two lenses, one of which was 190, and the other 12! feet in fix 
length. — Ed. 

t The theory of light adopted and illnatrated by Baler ki the preeedl 
Letters, was originally proposed by Huygens in his Traild 4* la Lumit 
published in 1690. In this Ingenious work be has shown how all t 
phenomena of refraction and reflection may be explained and eatafiati 
by the hypothesis that light consists of undulations of an ethereal ■ 
dltnn ; and be considers it as supported by the phenomena of double i 
fraction. Notwithstanding the attempts of Buler to revive this tbea 
It fell into total neglect, and was received in no part of Europe as 
branch of sound physics. 

About the year 1800, Dr. Thomas Young ventured to maJntala 
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LETTER XLI. 

Of Vision, and the Structure of the Eye* 

I now enabled to explain the phenomena of 
vision, which is undoubtedly one of the greatest 
operations of nature that the human mind can con- 
template. Though we are very far short of a per- 
fect knowledge of the subject, the little we do know 
of it is more than sufficient to convince us of the 
power and wisdom of the Creator. We discover in 
the structure of the eye perfections which the moat 
exalted genius could never have imagined. 

I shall not detain you at present with an anatomi- 
cal description of the eye. It is sufficient to te- 

ilmovt tingle-handed, again ft the rest of the philosophical world. He 
pin led out its applicability to explain a great variety of natural phe- 
nomena, that could not be referred to any gvncral principle ; and by his 
deacorery of the law of interference, he may be said to have established 
the itiearyaf undulation*. The singular phenomena of the notarization 
and the double refraction of Light, which were afterward discovered, 
tare successively found arr explanation in the theory of undulation* ; 
and ftome of the recent discoveries ui that branch of optics may be con- 
sidered as placing it upon the firmest basis. 

The Newtonian doctrine, of the emanation of luminous particles, we 
have always regarded as the true one. A partiality for the name or its 
great founder, the simplicity with which it explains the general phe- 
nomena, and perhaps a portion of national feeling, have conspired to 
give it permanency In this country. The force of truth, however, com- 
pel* us to acknowledge, that the theory of undulations is likely to be 
■eon adopted by every philosopher who has studied the vast variety of 
phenomena which it embraces and explains. An account of the tfay- 
genian theory of light will be found in the Edinburgh Encyclopedia, 
An. Optica, vol. xv. p. W4.— Ed. 

The theory of undulations appears evidently to have gained ground la 
(he philosophical wntid since the foregoing note was written, Tl lias 
been adopted, notwithstanding the authority of Newton and the greater 
hi r r ( 1 1 1 1 ■ ■ a c y of his hypothesis of emanations, by the most profound of the 
British philosophers ; and on the Continent ills lh<: prevailing theory, 
The most learned treatise on light recently published is that of Sir 
|, V. g« acini, in flftfl Encyclopedia Mttropoliiana, in which this theory 
has received a strong support. —At?*. Ed. 
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mark, that the exterior mem- 
brane a A b, Fig. 26, is transpa- 
rent, and is called the cornea of 
the eye ; behind this, on the in- 
side, is another membrane a' m, 
b' m, circular and coloured, which 
we call the iris, in the middle of 
which is an aperture m m, called 
the pupil, which appears to us to 
be black. We find behind this aperture, the crystal* 
line humour, i'B C a, which is a body somewhat re- 
sembling in form a small burning-glass ; it is per- 
fectly transparent, and is covered with a thin mem- 
brane, called its capsule. Behind the crystalline hu- 
mour the cavity of the eye is filled with a transparent 
jelly, called the vitreous humour. The anterior space 
between the thick coat a A b and the crystalline a b 
contains a fluid like water, which for that reason is 
called the aqueous humour. 

Here, then, are four transparent substances, 
through which the rays of light that enter into the 
eye must pass: 1, the anterior coat, or cornea; 2, 
the aqueous humour, between A and B ; 3, the crys- 
talline, b B C a ; 4, the vitreous humour. These four 
substances differ as to density ; and the rays pass- 
ing from one to another undergo a particular re- 
fraction ; and they are so arranged, that the rays 
coming from a point of any object are still col- 
lected within the eye in a point, and there present 
an image. 

The bottom of the eye at E G P, or the retina, is 
furnished with a whitish tissue, adapted to the re- 
ception of images : and it is thus, you will please to 
recollect, that the images of objects may be repre- 
sented on a white ground. Conformably to the same 
principle, all the objects whose rays enter into tj» 
eye are found painted on the retina. Take the ejft * 
of an ox, and having removed the exterior part 
which cover the retina, you will see all the ohjecfe 
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painted there so exactly that no artist could surpass 
it, or even arrive at such a degree of perfection. 
And in order to see any object whatever, the object 
must always be painted on the retina ; and when, 
unfortunately, any of the parts of the eye are in- 
jured, or lose their transparency, the person becomes 
blind. > 

But it is not sufficient, in order to our seeing ob- 
jects, that their images should be painted on the re- 
tina ; some are blind, though this takes place. Hence 
we see that images painted on the retina are not, 
after all, the immediate object of vision, and that 
the perception of the soul is communicated some 
other way. The retina is a reticulated contexture 
of nerves the most subtile, communicating with a 
great nerve, which, coming from the brain, enters 
the eye at 0, and is denominated the optic nerve. 
These small nerves of the retina are agitated by the 
rays of light which form the image at the bottom of 
the eye ; and this agitation is transmitted by the optic 
nerve to the brain. It is there, undoubtedly, that 
mental perception is formed ; but the most dexterous 
anatomist is unable to pursue these nerves to their 
source — the union of the soul with the body must 
for ever remain a mystery. 

15th August, 1760. 



LETTER XLII. 

Continuation, Wonders discoverable in the Structure 
of the Eye, 

It will not be disagreeable to you, I hope, to con- 
template with me, somewhat more attentively, the 
ponders discoverable in the structure of the eye. 

And, first, the pupil presents an object highly 
jiruRhy of admiration. It is that aperture which we 
flUd in the middle of the iris or star m m, by which 
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Were it in our power to open the pupil still more,* 
we should be able to see in a greater degree of dark- 
ness. To this purpose we are told of a person, 



was so dilated by it that he could read and distin- 
guish the minutest objects in the dark. Cats, and 
several other animals which roam in the dark, have 
the faculty of enlarging the pupil much more than 
the human species ; and owls have theirs at all times 
too much dilated to bear even a moderate degree of 
light. 

Now, when the pupil of the human eye dilates or 
contracts, it is not by an act of the will ; man not 
having the power of dilating or contracting the 
pupil at pleasure. As soon as he enters into a lu- 
minous situation, it spontaneously contracts, and 
dilates on his return to darkness. But this change 
is not produced in an instant; it requires a little 
time fortius organ to accommodate itself to circum- 
stances. 

You must, no doubt, have remarked, that as often 
as you make a very sudden transition from a clear 
light to a dark place, as in the theatre, you could 
not at first distinguish the company. The pupil 
was still too narrow to permit the few feeble rays 
which it admitted to make a sensible impression; 
but it gradually dilated to receive a sufficiency of 
rays. "The contrary happens when you pass sud- 
denly from darkness to a clear light. The pupil 
being then very much expanded, the retina is struck 
in a lively manner, you are quite dazzled, and under 
the necessity of shutting your eyes. 

It is then a very remarkable circumstance, that 
the pupil should dilate and contract according as 
vision requires, and that this change should take 

* Although we cannot do this by muscular exertion, yet by putting a 
drop of the Juice of tbe Belladonna, or of the Hyoscyamus, upon the eye, 
the pupil will dilate itself in an extraordinary degree, and retain itself in 
that state for one or rtoo hours.— 



who having received a blow on his 




the pupil 
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place almost spontaneously and independently of 
any act of the will. Philosophers who examine the 
structure and the functions of the human body are 
greatly divided in opinion as to this subject; and 
there is little appearance that we shall ever have a 
satisfactory solution of this wonderful phenomenon.* 
The variability of the pupil is, however, an object 
essentially necessary to vision ; and without which 
it would be very imperfect. But various other par- 
ticulars are discoverable, equally entitled to admi- 
ration. 

17th August, X760. 



LETTER XLIII. 

Further Continuation. — Astonishing Difference between 
the Eye of an Animal, and the Artificial Eye or Ca- 
mera Obscura. 

The principle on which the structure of the eye is 
founded is in general the same as that according to 
which I explained the representation of objects on 
white paper by means of a convex lens. Both of 
them must be resolved into this, that all the rays, 
proceeding from one point of the object, are again 
collected in a single point by refraction ; and it seems 
of little importance whether this refraction is per- 
formed by a single lens or by the several transparent 
substances of which the eye is composed. It might 
even be inferred from thence, that a structure more 
simple than that of the eye, by employing one single 
transparent substance, would have been productive 
of the same advantages ; which would amount to a 
very powerful objection against the wisdom of the 

* The contraction and dilatation of the pupil are now generally 
ascribed by anatomists to the muscularity of the iris, stimulated mom 
Mr less in proportion to the light which falls upon it.— Am. Ed. 
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Creator, who has assuredly pursued the simplest 
road in the formation of all his works. 

Persons have not been wanting who, from not 
having attentively examined the advantages result- 
ing from this apparent complication, presumed to 
-censure this beautiful production of the Supreme 
Being with a levity worthy of censure. They have 
pretended it was m their power to produce a plan 
more simple for the structure of the eye, because 
they were ignorant of all the functions which that 
organ had to discharge. I shall examine this plan 
of theirs ; and I hope to convince you that it would 
be highly defective, and altogether unworthy of 
being put in competition with that which actually 
exists. 

Such an eye, therefore, would be reduced to a 
simple convex lens, A B C D, Fig. 27, which g7 
collects, in a point, all the rays coming from rt S- 4lm 
one and the same corresponding point in the "° 
object. 

But this is only near to the truth. The 
spherical form given to the surfaces of a 
lens is liable to this inconvenience, that it 
does not completely collect in one and the 
same point the rays which pass tjirough its 
centre and those which pass through its ex- 
tremities. There is always a small differ- 
ence, though almost imperceptible, in the 
experiments, by means or which we receive 
the image on a piece of white paper ; but if 
this happened in the eye itself, it would render vision 
very confused. 

The persons to whom I have been alluding allege, 
that it may be possible to find another figure for the 
surfaces of the lens, which shall have the property 
of collecting anew all the rays issuing from the point 
0, in a point R, whether they pass through the 
centre or through the extremities. I admit that 
this may be possible ; but supposing the lens to $oa- 
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Bess this property with respect to the point O, at the 
fixed distance C O, it would not possess it at points 
at a greater or less distance from the lens ; or even 
admitting this to be possible, which it is not, the 
lens would most certainly lose that property with 
regard to objects placed on one side, at T, for in- 
stance. Accordingly we see, when objects are re- 
presented on white paper, that though such as are 
directly before the lens, as at O, may be sufficiently 
well expressed, yet those which are obliquely situ- 
ated, as at T, are always much disfigured, and very 
confusedly represented : and this is -a defect which 
the most ingenious artist is incapable of rectifying. 

But there is another, and one not less considerable. 
In speaking of rays of different colours, I remarked, 
that in passing from one transparent medium to an- 
other, they undergo a different refraction ; that rays 
of a red colour undergo the least refraction, and vio- 
let-coloured rays the greatest. Hence, if the point 
O were red, and if its rays, in passing through the 
lens A B, were collected at the point R, this would 
be the place of the red image. But if the point 
were violet, the rays would be collected nearer to 
the lens, at V. Again, as white is an assemblage of 
all the simple colours, a white object placed at 
would form several images at once, situated at dtf> 
ferent distances from the point O; the result'- of 
which would be, on the retina, a coloured spot thit 
would greatly disturb the representation. 

It is accordingly observable, that when in a daft 
room the external objects are represented on whMfe 
paper, they appear bordered with the colours of the 
rainbow ; and it is impossible to remedy this delect 
by employing only one transparent body. But it has 
been remarked, that this may be done by means of 
different transparent substances ; but neither theory 
nor practice have hitherto been carried to the degree 
Of perfection necessary to the execution of a strop* 
ture which should remedy all these defects. 
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But the eye which the Creator has formed is sub- 
ject to no one of all the imperfections under which 
the imaginary construction of the freethinker labours. 
In this we discover the true reason why Infinite Wis- 
dom has employed several transparent substances in 
the formation of the eye ; it is thereby secured 
against all the defects which characterize every 
work of man. What a noble subject of contem- 
plation ! How pertinent that question of the Psalm- 
ist ! He who formed the eye, shall he not see ? and He 
who planted tie ear, shall lie not hear ? The eye alone 
being a masterpiece that far transcends the human 
understanding, what an exalted idea must we form 
of Him who has bestowed this wonderful gift, and 
that in the highest perfection, not on man only, but 
on the brute creation, nay, on the vilest of insects ! 

19th August, 1760. 
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J*mfections discoverable in the Structure of the Eye. 

>3ftqp eye, then, infinitely surpasses every piece of 

f which human skill is capable of pro- 
tie different transparent substances of 
composed have not only a degree of den- 
i of causing different refractions, but their 
ewise determined in such a manner, that 
proceeding from one point of the object 
collected in one and the same point, 
tether that object be more or less distant, whether 
le .situated directly or obliquely with respect to 
eye, and though its rays undergo different re- 
-tions. 

fere the least change to be made in the nature 
figure of these substances, the eye would lose 
he advantages which we have been admiring, 
strength of our sight is exactly proportioned to 
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the extent of our necessities ; and far from com- 
plaining that objects too remote escape this organ, 
we ought, on the contrary, to consider it as one of 
the most precious gifts of the Supreme Being. 

It must be further remarked, that in order to see 
objects distinctly, it is not sufficient that the rays 
which come from one point should be collected in 
another. It is likewise necessary that the point of 
reunion should fall precisely on the retina ; if it fell 
either short of or beyond it vision would become 
confused. Now, if for a certain distance of objects 
this point of union fall upon the retina, those of 
more distant objects would fall on apart within the 
eye short of the retina ; and those of nearer objects 
would fall beyond the eye. In either case there 
would be a confusion in the image pairited on the 
retina. 

The eyes of every man, therefore, areconstructed 
for a certain distance. Some persons see distinctly 
only such objects as are very near to their eyes ; we 
call them My ops, that is, short-sighted. Others, on 
the contrary, named Presbytes, see distinctly objects 
only which are very distant. And those who see 
distinctly objects at a moderate distance are said to 
have good eyes. Both the other two, however, have 
the power of contracting or dilating the globe of the 
eye to a certain degree, and thereby of bringing 
nearer, or of removing, the retina, which enables 
them likewise to see clearly objects a little more or 
less distant ; this, undoubtedly, greatly contributes 
to render the eye more perfect, and it cannot surely 
be ascribed to chance merely. 

Those who have good eyes derive most advantage 
from their structure, as they are thus in a condition 
to see distinctly objects very distant and very near; 
but this never exceeds a certain limit. There is, 
perhaps, no one who can see distinctly at the dis- 
tance of an inch, and, consequently, still less at a 
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smaller distance. If you hold a piece of writing 
close to your eyes, you will see the characters but 
very confusedly. This is all I presume to offer on 
a subject of such high importance.* 
21st Aug. 1760. 



LETTER XLV. 

Of Gravity, considered as a general Property of Body. 

Having now treated of light,! I proceed to the 
consideration of a property common to all bodies — 
that of gravity. We find that all bodies, solid and 
fluid, fall downward when they are not supported. 

* The wonders of the human eye, so well pointed out by Euler, are still 
greater than he conceived. lie was not acquainted with the fact that 
the crystalline lens diminishes in density from the centre to the circum- 
ference, that it is composed of successive concentric lamina), and that each 
of those lamina) consists of minute transparent fibres, varying in thick- 
ness, and arranged with the most beautiful symmetry in relation to the 
axis of vision. In some of the lower animals the structure of the crys- 
talline lens is more perfectly displayed than in man, and exhibits most 
striking phenomena, both In reference to the variations in its density and 
the distribution of its fibres. The complication of its parts in some ani- 
mals, and the admirable skill with which they are suited to the various 
pwaosui of their existence, exceed all description, and confound all 
.human intelligence.— Ed. 

t The subject of optics is resumed by our author in the 2d vol.— .Ed, 

-Ills not a difficult thing to study the structure of the eye, by taking 
•eat the eye of an animal recently killed, e. g. a sheep or a bullock, plac- 
ing it en a saucer, and dissecting it carefully with a sharp knife. The 
beastiral figure and perfect transparency of the crystalline lens (which 
nay: to safely handled), the green lining of the choroid coat seen through 
tbe< vitreous humour, the delicate expansion of the retina, the diffusion 
and nuntflcation of the blood-vessels, the iris, the pupil, the cornea, and 
posteriorly the optic nerve, which connects the operations of this won- 
derful ptese-of Divine mechanism with the brain or sensorium, all be- 
come more Impressive, and render the eye, as Dr. Faley observes, suffi- 
•etent of itself to confound the skeptic. 

It la remarkable that a person may by a little management see the 
blood-vessels -of his own eye finely displayed, as it were, on a screen 
before him. 

Let a lamp or candle be held in one hand, and keeping the eye steadily 
directed forward, move the light up and down, or sideways, on one side 
of the line of vision ; an image of the blood-vessels will in a short time 
present itself, like the picture of a tree or shrub with its trunk and 
branches, to the astonishment and admiration of the observer.— -im. E«L 
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I hold a stone in my hand ; if I let it go, it falls to 
the ground, and would fall still farther were there 
an aperture in the earth. While t write, my paper 
would fall to the ground were it not supported by 
the table. The same law applies to every body 
with which we are acquainted. There is not one 
that would not fall to the ground if it were not sup- 
ported, or stopped by the way. 

The cause of this phenomenon, or of this propen- 
sity of all bodies, is denominated gravity. When it 
is said that bodies are heavy, or possess gravity, we 
mean that they have a propensity to fall downward, 
and actually would fall if we remove what before 
supported them. 

The ancients were little acquainted with this prop- 
erty. They believed that there were bodies which 
had naturally a tendency to rise, such as smoke and 
vapours • and such bodies they termed light, to dis- 
tinguish them from those which have a tendency to 
fall. But it has been discovered by experiment that 
it is the air which raises these substances aloft ; for 
in a space void of air, it is well known, by means 
of the air-pump, that smoke and vapours descend as 
well as stone, and that these substances are, of their 
own nature, heavy, like others. When, therefore, 
they rise into the air, the same law acts upon them 
which acts upon a log of wood plunged into the 
water. Notwithstanding its gravity, it springs up 
as soon as you leave it to itself, and swims, because 
it is not so heavy as water ; and in virtue of a gene- 
ral rule, all bodies rise in a fluid of more gravity 
than themselves. 

If you throw a pieoe of iron, of copper,. of silver, 
and even of lead, into a vessel full of quicksilver, they 
swim on the surface ; and if you force them down, 
they reascend when left to themselves. Gold alone 
sinks, because it is heavier than quicksilver.* And 



* Platinum is still hearier.— Am. Ed. 
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since there are bodies which rise in water and in 
other fluids, notwithstanding their gravity, for this 
reason merely, that they are not so heavy as water 
or those other fluids ; it is not at all surprising that 
certain bodies, less weighty than air* such as smoke 
and vapours, should rise in it. 

I have already remarked that air itself possesses 
gravity, and that by means of this gravity it sup- 
ports the mercury in the barometer. When, there- 
fore, it is affirmed that all bodies are heavy, it is to 
be understood that all bodies, without a single ex- 
ception, would fall downward in a vacuum. I might 
venture to add, that they would fall with an equal 
degree of' rapidity ; for a feather and a piece of 
gold descend with equal velocity in an exhausted 
receiver. 

It might be objected to this general property of * 
body, that a shell discharged from a mortar does 
not at once fall to the ground, like a stone which I 
let drop from my hand, but mounts into the air. It 
cannot, however, be inferred that the shell has no 
gravity ; for it is evident that the strength of the 
powder hurls the bomb aloft, and but for this, it 
would, without doubt, immediately fall to the ground. 
And we see, in fact, that it does not continue always 
to ascend, but as soon as the force which carries it 
upward is exhausted, down it comes with a rapidity 
that crushes every thing it meets — a sufficient proof 
of its gravity. 

When, therefore, it is affirmed that all bodies are 
heavy, no one means to deny that they may be 
stopped, or that they may be thrown aloft ; but this 
is effected by an external power ; and it remains in- 
dubitably certain that all bodies whatever, as soon 
as left to themselves, at rest or without motion, will 
assuredly fall when no longer supported. There is 
a cellar under my apartment, but the floor supports 
me, and preserves me from falling into it. Were 
the floor suddenly to crumble away, and the arch of 
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the cellar to tumble in at the same time, I must 
fallibly be precipitated into it, because my body 
heavy, like all other bodies with which we are i 
quainted. I say, with which we are acquainted, : 
there may, perhaps, be bodies destitute of weig] 
such as, possibly, light itself,* the elementary fi 
the electric fluid, or that of the magnet : or such 
the bodies of angels which have formerly appeal 
to men. A body like this would not fall do? 
ward, though the floor were suddenly to be remoi 
from under it, but would move as firmly through 1 
air as on the earth. 

Except these bodies, the gravity of which is i 
yet confirmed by experiment, gravity may be a 
sidered as a general property of all the bodies wh 
we know, in virtue of which they all have a tei 
ency to fall downward, and actually do so wi 
nothing opposes their descent. 

$3d August, 1760. 



LETTER XLVL 
Continuation. Of Specific Gravity. 

You have just seen, that gravity is a general pi 
erty of all the bodies with which we are acquainl 
and that it consists in the effect of an invinc: 
force, which presses them downward. 

Philosophers have warmly disputed, whether tk 
actually exists a power which acts in an invis 
manner upon bodies ; or whether it be an intei 
quality inherent in the very nature of the bod 
and, like a natural instinct, constraining them 
descend. The question amounts to this: Iftheca 
of gravity is to be found in the very nature of e\ 

* The author must here mean the ether whose motions, ob his tb 
produce light.— -At*. Ed. 
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body, or if it exists without it, so that were this ex- 
trinsic power to fail in its operation, the body would 
cease to be heavy. Before we attempt a solution of 
this, it will be necessary to examine more carefully 
all the circumstances connected with gravity. 

I remark, first, that when you support a body to 
prevent its falling, if it rests on a table, its pressure 
is .equal to the force with which it would tend to fall ; 
and if a thread is affixed to it, by which it may be 
\ suspended, the thread is stretched by that force ; in 
other words, by the gravity of that body ; so that, if 
i, the thread were not of a certain strength, it would 
break. We see, then, that all bodies exercise a 
degree of force on the obstacles which support them, 
and prevent their falling ; and that this action is pre- 
cisely the same as that which would make the body 
descend if it were at liberty. When a stone is laid 
upon a table, the table is pressed by it. You have 
but to put your hand between the stone and the 
table to be sensible of this force, which may be in- 
creased to such a degree as even to crush the hand. 
This force is called the gravity of the body ; and it 
is clear, that the weight or the gravity of every 
body signifies the same thing, both denoting the 
force with which that body is pressed downward, 
whether this force exists m the body itself, or out 
of it. 

We have an idea too clear of the weight of bodies, 
to make" it necessary to dwell longer on the subject. 
I only remark, that when two bodies are joined to- 
gether, their weight too is added, so that the weight 
of the compound is equal to the sum of the weight 
of the parts. From this we see that the weight 
of bodies may be very different. We have also the 
I certain means of exactly measuring and comparing 
I them, by the help of a balance, which has the prop- 
erty of resting in equilibrium, when the bodies, put 
in its two scales, are of equal gravity. In order to 
make this comparison, we agree on some fixed mea- 
Vol. I.— P 
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surement, of a certain determinate weight, such as a 
pound, and, by means of a good balance, all bodiea 
may be weighed, and their gravity ascertained, ac- 
cording to the number of pounds which they contain. 
A- body too great to be put into the scale of a balance 
may be divided, and the parts being weighed sepa- 
rately, you have only to add the particulars. The 
weight of a whole house, however large, may be 
thus ascertained. 

You must, no doubt, have frequently remarked, 
that a small piece of gold weighs as much as a piece 
of wood greatly superior in size — a proof that the 
gravity of bodies is not always regulated by their 



weight, while a very large one may be light. Every 
body, then, is susceptible of two measurements, en- 
tirely different from each other. The one deter- 
mines its magnitude or extent, called likewise its 
size; this measurement belongs to the province 
of geometry, which teaches the method of measuring 
the magnitude or extent of bodies. The other mode 
of measurement, by which their weight is deter- 
mined, is totally different, and serves to distinguish 
the nature of the different substances of which bodies 
are formed. 

You can easily conceive several masses of differ* 
ent substances, all of the same magnitude or extent; 
each, for example, of a cubic figure, whose length, 
breadth and height shall be a foot. Such a mass, 
if it be of gold, would weigh 1330 pounds ; if of 
silver, 770 pounds ; if of iron, 600 pounds ; and if of 
water, only 70 pounds ; were it of air, it would weigh 
no more than the twelfth part of a pound. From 
this you see that the different substances of which 
bodies are composed vary considerably in respect 
of gravity. 

To express this difference, we employ certain 
terms, which might appear equivocal, if they were 
not perfectly understood. Thus, when it is said, 
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that gold is heavier than silver, it is not to be under- 
stood that a pound of fold is heavier than a pound 
of silver; for a pound of whatever substance is 
always a pound, and has always precisely the same 
weight ; but the meaning is, that having two masses 
of the same size, the one gold and the other silver, 
the weight of the mass of gold will exceed that of 
the silver. And when it is said that gold is 19 
times heavier than water, we mean, that having two 
equal masses, the one Of gold, the other of water, 
that which is of gold will have 19 times the weight 
of that which is of water. When we thus express 
ourselves, we say nothing of the absolute weight 
of bodies, we only speak by way of comparison, 
and with a reference always to masses of an equal 
size. Neither is it of importance whether the size 
be great or small, provided they be equal. 
25th August, 1760. 



LETTER XLVII. 
Terms relative to Gravity, and their true Import. 

Gravity, or weight, seems so essential to the 
nature of bodies, that it is almost impossible to form 
the idea of a body divested of this quality. And its 
influence is so universal in all our operations upon 
body, that we must in every instance pay attention 
to its gravity or weight. As to our own persons, 
whether we stand, sit, or lie, we continually feel 
the effect of the gravity of our own body : we could 
never fall if the body were not, as well as all its 
parts, endowed with this force. Language itself is 
regulated according to this property of bodies. The 
place towards which a body tends in its descent we 
term low, and the opposite direction from the body 
we term high. 

It must be remarked, that when a body, in falling* 
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is at perfect liberty, it always descends in a straight 
line, pursuing which, its direction is said to be down- 
wards. . This line is likewise called vertical^ by which 
term we always mean a straight line, drawn from 
high to low ; and if we conceive this line produced 
upward, till it reaches heaven, we call that point in 
the heavens our zenith — an Arabian word, denoting 
that point in the heavens which is directly over our 
head. You comprehend, then, that a vertical line 
is that straight line in which a body falls, when no 
longer supported. When you affix a thread to any 
body, holding it fast at the other end, that thread 
will be stretched out into a straight line, and that 
line will be vertical. Masons employ a small cord, 
with a leaden ball at one end, which they call a 
plummet, to direct the perpendicularity of the walls 
which they raise ; for these, to be solid, must be 
vertical. 

All the floors of a house ought to be so level that 
the vertical line shall be perpendicular to them ; the 
floor, in that case, is said to be horizontal ; and you 
will please to remember, that a horizontal plane is 
always that to which the vertical line is perpendicu- 
lar. When you are in a perfect plane, bounded by 
no mountain, its extremities are termed the horizon 
— a Greek word, which signifies the boundary of 
sight; and this plane then represents a horizontal 
plane, just as the surface of a lake. 

We make use of still another term to express what 
is horizontal. We say that such a surface or line w 
level. We likewise say, that two points are on the 
level, when a straight line passing through these 
two points is horizontal, so that the vertical, or 
plumb-line, shall be perpendicular to it. But two 
points are not on the level when the straight line 
drawn through these points is not horizontal; for 
then one of them is more elevated than the other. 

This is the case with rivers ; their surface has a 
declivity ; for were it horizontal, the river would be 
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stagnant, and ran down no longer, whereas all rivers 
are continually flowing towards places less elevated. 
There are instruments by means of which we can 
ascertain whether two points are on the same level, 
or which is the higher, and by how much. This 
instrument is called a level, and the application of it 
is called the art of levelling. 

Were you to draw a straight line from any point 
in your apartment at Berlin to a given point in your 
apartment at Magdeburg, you might, by means of 
such an instrument, ascertain whether this line were 
horizontal, or whether one of these points were more 
or less elevated than the other. I believe the point 
at Berlin would be more elevated than that at Mag- 
deburg : and I found this opinion on the course of 
the rivers Spr6e, Havel, and Elbe. As the Spr6e 
rans into the Havel, it must of course be higher ; 
and, for the same reason, the Elbe must be lower 
than the Havel : Berlin therefore stands higher than 
Magdeburg, provided you compare two points at an 
equal degree of elevation from the ground; for, 

- were a straight line to be drawn from the street 
pavement at Berlin to the pinnacle over the dome 

, at Magdeburg, that line would perhaps be hori- 

i zontal. 

» Hence you see how useful the art of taking levels 
is, when the conducting of water is concerned. For 
as" water can run only from a more to a less elevated 
situation, before digging a canal you must be well 
assured that one of the extremities is more elevated 
than the other, and this is discovered by taking the 
level. 

In building a city, the streets should be so dis- 

rsd, as that, by means of a declivity on one side, 
water may run off. It is otherwise in the con- 
struction of nouses, the floors of which should be 
perfectly horizontal, and without the smallest decliv- 
ity, because there is no water to be discharged,- ex- 
cept in the floors of stables, which are constructed 
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with a gentle declivity. Astronomers take great 
pains to have the floors of their observatories per- 
fectly level, to correspond with the real horizon in 
the heavens. The vertical line, produced upward, 
marks the zenith. 
27 th August, 1760. 



LETTER XLVIII. 

Reply to certain Objections to the Earth's Spherical 
Figure, derived from Crravity. 

You know well, that the figure qf the earth is 
nearly that of a globe. It has, indeed, been demon- 
strated, that its form is not perfectly spherical, but 
somewhat flattened towards the poles. The differ- 
ence, however, is so trifling, that it does not at all 
affect the object I have in view. Neither dpes the 
difference of mountain and valley excite any solid 
objection to its globular figure; for its diameter 
being 7912 English miles, the highest mountains 
being about five English miles in height, sink into 
nothing, compared to this prodigious mass. 

The ancients had a very imperfect notion of the 
real figure of the earth. It was in general consid- 
ered as a huge massy substance, jv*. 
A B CD, Fig. 28, flattened above A ^^»-^^J 
as A B, and covered partly with ^BBfBflk 
earth, partly with water. Ac- <^^^^™""^^> 
cording to their idea, the surface 
A B alone was habitable ; and it was impossible to 
go beyond the points A and B, which they consid- 
ered as the extremities of the world. When, in the 
progress of discovery, it was found that the earth 
was nearly spherical, and universally habitable, so 
that there were upon the globe spots diametrically 
opposite to us, the inhabitants of which are there- 
fore called our antipodes, because their feet are 
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tnrned directly towards ours — this opinion met with 
such violent contradiction, that certain fathers of 
the church represented it as a dreadful heresy, and 
thundered out anathemas against all who believed in 
the existence of the antipodes. A man, however, 
would now pass for an idiot who would call it in 
question; especially since the opinion has been con- 
firmed by the experience of navigators, . who have 
frequently sailed round the globe. But another dif- 
ficulty here presents itself, the solution of which 
must assist us in discovering the real direction of 
gravity. 

If the circle A B, Fig. 29, say they, — M 
represent the earth, and we are at A, 
our antipodes will be diametrically op- , • 
positeatB. As we, then, have the head f 
upward and the feet downward, our an- / \ 
tipodes must have the feet upward and / ) 
the head downward, supposing these I / 
words to indicate the same direction V / 
as when we pronounce the same 
words at the place where we are. ^* 
For navigators who have made the 
circuit of the globe, observe, that their head and 
feet had throughout maintained the same position 
relatively to the surface of the terrestrial globe. 

Some persons, whom this phenomenon embar- 
rassed, formerly thought of explaining it, by the com- 
parison of a globe, over the surface of which you 
see flies and other insects crawl on the under as 
well as the upper part. But they did not consider 
that the insects on the dependent surface adhere to 
it by their claws, and without this assistance would 
presently fall off. The antipode, then, must have 
nis shoes furnished with hooks to hold him fast to tht 
surface of the earth ; but though he has none, hi 
does not fall, any more than we do. Besides, as we in> 
agine ourselves to be on the uppermost surface of thd 
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earth, the antipode has the same idea of his si 
tion, and considers us as undermost. 

But the whole phenomena are easily accotu 
for on the hypothesis which experience has den 
Btrated, that the direction of gravity is sensibly ; 
pendicularto the surface of the earth, at every p 
of that surface ; that it varies at these diffe: 
points ; and that at those which are antipocta 
each other it must be exactly opposite. The te 
upward and downward, therefore, do not express 
invariable direction, but the direction of grai 
wherever it is. Our antipodes have their h< 
downward only with relation to us, but not with i 
tion to themselves ; they, as well as we, are in 
position which the power of gravity constrains t] 
to* preserve ; and that position is similar, relatr 
to the surface of the earth. You had, undoubte 
no need of this explanation ; but there was a ti 
and it is not long elapsed, when it would have b 
necessary even to persons who were then honoi 
with the appellation of the learned. 

28th August, 1760. 



LETTER XLIX. 

True Direction and Action of Gravity relatively to 
Earth. 

Though the surface of the earth is unequal, 
cause of the mountains and valleys which overspi 
it, it is, however, perfectly level wherever ther< 
sea ; the surface of water being always horizoi 
and the vertical line, in the direction of which txx 
fall, being perpendicular to it. If, then, the wl 
globe were covered with water, at whatever i 
of the surface a person was, the vertical line wc 
be perpendicular to the surface of the water. 
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Thus, the figure ABCDEFGHI, Fig. 30, rep- 
resenting the earth, its sur- - 
face being everywhere hori- 
zontal ; at A the line a A 
will be vertical; at B the 
line b B ; at C the line c C ; 
at D the line d D ; at F the 
line / F ; and so of the rest. 
Now, at every place the ver- 
tical line determines what 
is to be denominated upward 
or downward; to persons at 
A, then, the point A is down- 
ward, and the point a up- 
ward ; and to persons at F, the point F will be down- 
ward, and the point / upward, and so for every other 
spot on the surface of the earth. All these vertical 
lines a A, b B, c C, d D, &c. are likewise named the 
directions of gravity, or weight, because bodies uni- 
versally descend in the direction of these lines ; thus, 
a body left to itself at g would fall in the direction 
of the line g G. Hence it is evident, that bodies 
universally must fall towards the earth, and that per- 
pendicularly to the surface of the earth, or rather of 
the water, if it were water. 

At whatever place of the earth, therefore, you 
may happen to be, as bodies fall there towards its 
surface, we call downward that which is directed to- 
wards the earth, or is nearest to it; upward what 
is placed in the opposite direction, or is farthest 
from the earth : and, universally, men having their 
feet pressed to the earth, their feet will be down- 
ward and their heads upward. If the earth were a 
perfect globe, all the vertical lines a A, b B, c C, 
being produced inwardly, would meet at the centre 
i of the globe, which is likewise that of the earth ; and 
r for this reason we say that bodies universally tend 
towards the centre of the earth. Thus, wherever 
you are placed, when asked, what is downward! 
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the answer must be, what approaches nearest to the 
centre of the earth. In fact, were you to dig a 
hole in the earth, at whatever place, and to continue 
your labour incessantly, digging always downward 
and downward perpendicularly, you would at length 
reach the centre of the earth. . You will remember 
how Voltaire used to laugh at the idea of a hole 
reaching to the centre of the earth, mentioned by 
Maupertuis. It is true, such a project could never 
be executed, as it would be necessary to dig to the 
depth of 3956 English miles ; but there is no harm 
in supposing it, in order to discover what would be 
the result. 

Let us suppose, then, such a pig, 31. 
hole, Fig. 31, to be dug at A, 
and continued beyond the cen- 
t tre of the earth 0, the whole 
length of the diameter, as far as 
to our antipodes B, and that we 
were to descend along this aper- 
ture. Before arriving at the 
centre 0, and having reached, 
for example, the pomt £, the 
centre of the earth will there 
appear downward, and the point 
A upward ; and, unless something supported us, we 
should fall towards 0. But having passed beyond 
the centre, to F, for example, our gravity would then 
have a tendency towards ; this point, and much 
more the point A, would appear downward, and the 
point B upward. Thus the terms upward and down- 
ward would suddenly change their signification, 
though we should have passed from A to B, in the 
direction of a straight line. 

As long as we are on the passage from A to O, we 
are descending; but in going. from to B, we are 
actually rising, for we are removing from the centre 
of the earth — our own gravity being always directed 
towards that point ; so that, if we were to fall, wto* 
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ther from E or from F, we should aTways fall .to- 
wards the centre of the earth. Our antipode at B, 
if he wanted to pass from B to A, would be in pre- 
cisely the same situation. From B to the centre O 
be would have to descend ; but from O to A it would 
be all an ascent. These considerations lead us thus 
to define gravity or weight : It is a power by which 
all bodies are forced towards the centre of the earth. 
The same body which, being at A, is forced in the 
direction A O, if transported to B, will be forced, by 
the power of gravity, m the direction B 0, which is 
directly opposite to the other. By the direction of 
gravity, then, we everywhere regulate the significa- 
tion of the terms upward and downward, rise and de- 
scend, as gravity or weight has a very essential in- 
fluence on all our operations and enterprises, and as 
even our own bodies are animated by it to such a 
degree as universally to feel its effects. 
29th August, 1760. 



LETTER L. 

Different Action of Gravity with respect to certain 
Countries and Distances from the Centre of the Earth, 

You are now sensible that all bodies are forced 
directly towards the centre of the earth, and per- 
pendicularly to its surface, by their gravity: the 
perpendicular lines at the surface of our globe are 
accordingly considered as the directions of the power 
of gravity. 

With Strict propriety is the term power applied to 
gravity, as every thing capable of putting a body in 
motion is expressed by that name. Thus we ascribe 
power to horses, because they are able to draw 
along a chariot ; or to the current of a river, or to 
the wind, because by their means mills may be put 
in motion. There can be no doubt, therefore, thai 
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gravity is a power, as it forces bodies downward: 
and we are abundantly sensible of the effect of this 
power, by the pressure which we feel when we carry 
a load. 

Now, in every power two things are to be con- 
sidered : first, the direction in which it acts or forces 
along bodies ; and secondly, its quantity, which is 
estimated by the effect it produces. As to the direc- 
tion of gravity, it is sufficiently known ; for we are 
sure that it forces all bodies towards the centre of 
the earth, or, which amounts to the same thing, that 
it acts perpendicularly to the surface of our globe. 

It remains, therefore, that we examine its quan- 
tity. This power is always determined by the weight 
of every body; and as bodies differ greatly with re- 
spect to weight, those which are heaviest are like- 
wise forced down with the greatest violence. It 
has been asked, Whether the same body, transported 
to a different place of the globe, preserves always 
the same weight ? I speak of bodies which lose 
nothing by evaporation. It has been demonstrated 
by undoubted experiments that the same body weighs 
somewhat less towards the equator than towards 
the poles of the earth. 

It will readily occur to you that it is impossible to 
ascertain this difference by the exactest balance, be- 
cause the standard weights employed for determin- 
ing the weight of matter in bodies urdergo the same 
Variation. Thus, a mass which with us might weigh 
100 pounds, being transported to the equator, would 
still nominally be 100 pounds weight, but the effort 
will be somewhat less than here. This variation 
has been discovered by the effect itself of the 
power of gravity, which is the velocity of the de- 
scent ; for it is found that the same body under the 
equator does not descend with so great velocity w 
in high latitudes. It is certain, therefore, that the 
same body, being transported to different places of 
the earth, undergoes a little change as to weight 
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Let us now return to the aperture made in the 
earth through its centre ; it is clear that a body at 
the very centre must entirely lose its gravity, as it 
could no longer move in any direction whatever, all 
those of gravity tending continually towards the 
centre of the earth. Since, then, a body has no 
longer gravity at the centre of the earth, it will fol- 
low, that in descending to this centre its gravity will 
be gradually diminished ; and we accordingly con- 
clude that a body penetrating into the bowels of the 
earth loses its gravity, in proportion as it approaches 
the centre. You must be sensible, then, that neither 
the intensity nor the direction of gravity is a con- 
sequence from the nature of everybody, as not only 
its intensity is variable, but likewise its direction, 
which, on passing to the antipodes, becomes quite 
contrary. 

Having travelled in idea to the centre of the earth* 
let us return to its surface, and ascend to the &unv 
mit of the loftiest mountains. We shall observe 
there no sensible change in the gravity of bodies* 
though there is very good reason to believe that the 
weight of a body diminishes in proportion as it re- 
moves from the earth. You have but to imagine a 
body gradually removing from our globe, till it 
reached the sun, or one of the fixed stars,— it would* 
be ridiculous to think that such a body must fall 
bock to the earth, as it is almost a nothing compared 
to these stars. Hence* then, it may be concluded 
that a body in removing from the earth must un* 
dergo a diminution of gravity, which will become 
smaller and smaller, till at last it wholly disappear. 

There are reasons* however, which demonstrate 
that a body removed to the distance of the tnooit 
WiD still have some weight, though 3600 times lestf 
than it had on the earth. Let us conceive such tf 
body to weigh 3600 pounds on the earth* no one/ 
ftorely, is capable of supporting it here; but convey 
it Wtho distance of the moon* and I shall 6tigag«t* 

Vol, I. — Q 



182 GRAVITY OF THE MOON. 



support it with one of my fingers, for then it will 
weigh only one pound; and if farther removed 
it would weigh still less. We are certain, there- 
fore, that gravity is a power which forces all bodies 
towards the centre of the earth, that this power acts 
with the greatest force at the surface of the earth, 
and is diminished in proportion as it removes from 
thence, whether by penetrating towards the centre 
or rising above the surface of the globe. I have 
still much to say on this subject. 
30th August, 1760. 

LETTER LI. 
Gravity of the Moon. 

I rave said that a terrestrial body placed at the 
distance of the moon would be reduced to the 3600th 
part of its weight, or, in otherwords, would be forced 
towards the centre of the earth with a power 3600 
times less than it has at the surface of the globe. 
This power, however, would be sufficient to make it 
descend to the earth, if it were no longer supported. 
It is true we are incapable of proving this by any ex- 
periment, as no means exist of raising ourselves to 
such a height. There is, however, a body at that 
height — the moon : she must therefore be subject 
to this effect of gravity, and yet we see she does not 
fall to the earth. 

To this I answer, that if the moon were at rest, 
she would certainly fall ; but the rapid motion which 
carries her along prevents her from falling. There 
are experiments which prove the solidity of this an- 
swer. A stone dropped from the hand, without hav- 
ing any motion impressed upon it, faUs immediately 
in the direction of a straight vertical line ; but if y<m 
throw this stone, impressing on it a motion which 
forces it out of that direction, it does not fall imme- 
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itely downward, bat moves in a curve linejbefore 
reaches the earth; and this will appear more 
nsibly in proportion to the velocity impressed 
on it. 

A cannon-ball discharged in a horizontal direction 
>ee not come to the earth till it has got to a con- 
lerable distance ; and were it fired from the top 
' a high mountain, it might perhaps fly several 
ilea before it reached the ground, if the direction 
' the cannon is farther elevated, and the quantity 
id strength of the powder increased, the ball will 



r that the ball should not light till it had reached 
e antipodes: nay, farther still, till it should not 
U at all, but return to the place where it was shot 
F; and thus perform a new tour round the globe, 
would thus be a little moon, making its revolu- 
ms round the earth, like the real moon. 
You will now please to reflect on the height of 
e moon, and the prodigious velocity with which 
ke moves, and you will no longer be surprised that 
16 should not fall to the earth, though forced by 
avity towards its centre. There is another re- 
action which will place this in a clearer light. "We 
we only to consider the path described by a stone 
irown, or a cannon-ball shot off, in an oblique di- 
xrtion. It is always a curve, such as represented 
i the annexed figure. 




This might be carried so 
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Let A be the summit of a mountain from Which 
the cannon-ball is fired off, which, after having moved 
in the direction AEFB, falls to the ground at B; 
and the path which it describes is a curve line. I 
remark! then, that if the ball were not heavy, that 
is, if it were not forced towards the earth by the 
power of gravity, it would not fall, though left to 
itself, as gravity is the only cause of its descent ; 
inoch less, being fired off at A, as represented in the 
figure, would it ever fall to the ground. Hence we 
fee it is gravity that brings it down to the ground, 
titer having described the curve AEFB; gravity, 
therefore, directs its path in the curve AEFB; and 
If it were destitute of gravity, the ball would not 
describe a curve, but proceed forward in the direc- 
tion of the straight line A C, the direction in which 
it was fired off. 

This being laid down, let us attend to the moon, 
which assuredly does not move in a straight line ; 
her path must of necessity be a curve, as she always 
preserves nearly the same distance from us, and that 
curve almost a circle, such as you would describe 
round the earth, with a radius equal to the moon's 
distance. 

It is very reasonable to demand, why the moon 
does not move in a straight line. But the answer 
is obvious ; for as gravity occasions the curved direc- 
tion of the path pursued by a stone thrown, or t 
cannon-ball fired off, there is good ground for main- 
taining, that gravity acts likewise upon the moon, 
forcing her towards the earth ; and that this gravity 
occasions also the curved direction of her orbit. 
The moon, then, has a certain weight — she is, of 
consequence, forced towards the earth; but this 
weight is 3600 times less than it would be at the 
surface of the earth. This is not merely a probable 
conjecture, but a truth demonstrated. For this 
gravity being supposed, we are enabled to determine, 
ou {he most established mathematical principles, the 
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path which the moon must pursue : and this is found 
perfectly to agree with that in which she actually 
does more ; and this is a complete demonstration of 
the truth of the assertion. 
Ill September, 1700. 



LETTER L1I. 
Discovery of Universal Gravitation by Newton. 

Gravity, then, or weight, is a property of all ter- 
restrial bodies, and it extends likewise to the moon. 
It is in virtue of gravity that the moon presses to- 
wards the earth ; and gravity regulates her motion 
just rs it directs that of a stone thrown, or of a can* 
non-ball fired off. 

To Newton we are indebted for this important dis- 
covery. This great English philosopher and geome- 
trician happening one day to be lying under an 
apple-tree, an apple fell upon his head, and suggested 
to him a multitude of reflections. He readily con- 
ceived that gravity was the cause of the apple's 
falling, by overcoming the force which attached it 
to the branch. Any person whatever might have 
made the same reflection ; but the English philoso- 
pher pursued it much further. Would this force 
nave always acted upon the apple, had the tree been a 
great deal higher? He could entertain no doubt of it. 

But had the height been equal to that of the 
moon 1 Here he found himself at a loss to deter- 
mine whether the apple would fall or not. In caBe it 
should fall, which appeared to him, however, highly 
probable, since it is impossible to conceive a bound 
to the height of the tree at which it would cease to 
fell, it must still have a certain degree of gravity 
forcing it towards the earth ; therefore, if the moon 
were at the same place, she must be pressed towards 
the earth by a power similar to that which would 
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act upon the apple. Nevertheless, as the moon c 
not fall on his head, he conjectured that motion mio 
be the cause of this, just as a bomb frequently ft 
oyer us without falling vertically. 

This comparison of the motion of the moon 
that of a bomb, determined him attentively to c 
amine this question ; and, aided by the most sublii 
geometry, he discovered that the moon in her no 
tion was subject to the same laws which reguls 
that of a bomb, and that if it were possible to hi 
a bomb to the height of the moon, and with the sai 
velocity, the bomb would have the same motion 
the moon, with this difference only, that the gravi 
of the bomb at such a distance from the earth woi 
be much less than at its surface. 

You will see, from this detail, that the first reasc 
ings of the philosopher on this subject were ve 
simple, and scarcely differed from those of the clo* 
but he soon pushed them far beyond the level of 1 
clown. It is, then, a very remarkable property 
the earth, that not only all bodies near it, but, the 
also which are remote, even as far as to the distau 
of the moon, have a tendency towards the centre 
the earth, in virtue of a power which is called gn 
ity, and which (hminishes in~ proportion as bod 
remove from the earth. 

The English philosopher did not stop here. . 
he knew that the other planets are perfectly simi 
to the earth, he concluded, that bodies adjacent 
each planet possess gravity, and that the directi 
of tins gravity is towards the centre of the plan 
This gravity might be greater or less there than 
the earth ; m other words, that a body of a certi 
weight with us, transported to the surface of a 
planet, might there weigh more or less. 

Finally, this power of gravity of each planet c 
tends likewise to great distances around them ; a 
as we see that Jupiter has four satellites, and Sata 
five, which move round them just as the moon do 
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round the. earth, it could not be doubted that the 
motion of the satellites of Jupiter was regulated by 
their gravity towards the centre of that planet, and 
that of the satellites of Saturn by their gravitation 
towards the centre of Saturn. Thus, in the same 
manner as the moon moves round the earth, and 
their respective satellites move round Jupiter and 
Saturn, all the planets themselves move round the 
sun. Hence Newton drew this illustrious and im- 
portant conclusion : That the sun is endowed with a 
similar property of attracting all bodies towards its 
centre, by a power which may be called solar gravity. 

This power extends to a prodigious distance 
around him, and far beyond all the planets : for it 
is this power which modifies all their motions. The 
same great philosopher discovered the means of de- 
termining the motion of bodies from tho knowledge 
of the power by which they are attracted to a cen- 
tre; and as he had discovered the powers which act 
upon the planets, he was enabled to give an accurate 
description of their motion. In truth, before he 
arose the world was in a state of profound ignorance 
respecting the motion of the heavenly bodies ; and 
to him alone we are indebted for all the light which 
we now enjoy in the science of astronomy. 

It is astonishing to think how much of their pro- 
gress all the sciences owe to an original idea so very 
simple. Had not Newton accidentally been lying in 
an orchard, and had not that apple by chance fallen 
on his head, we might perhaps still have been in the 
same state of ignorance respecting the motions of 
the heavenly bodies, and a multitude of other phe- 
nomena depending upon them. This subject un- 
doubtedly is altogether worthy of your attention, 
and shall therefore be resumed in a future Letter.* 

34 September, 1760. 

* Too much to doabtleee Merited ben to tho felling of tho apple. 
To m ntfnd like Nowton'o, the laws of gravitation would have boos 
deomoed from ooaaidenotoaa oaggeeted by (be general phenomena of 
ftftng bodiee.-~ilm. Ed. 



188 OF THE MUTUAL ATTRACTION 



LETTER LIII. 

Continuation. Of the Mutual Attraction of tkt 
Heavenly Bodies, 

The Newtonian System, you will easily believe, 
made at first a great noise, and with good reason, as 
no one had hitherto hit upon a discovery so very 
fortunate, and which diffused at once such clear light 
over every branch of science. It has been ex- 
pressed by several names, of which it is proper you 
should be informed, because it is frequently the sub- 
ject of conversation. 

It has been denominated the system of universal 
gravitation; for Newton maintained, that not only 
the earth, but all the heavenly bodies in general, are 
endowed with this property — of attracting those 
which surround them with a power similar to that 
of weight or gravity; hence is derived the term 
gravitation. This power is, however, totally in- 
visible ; for we see nothing acting upon bodies, and 
pressing them towards the earth, and still less to- 
wards the heavenly bodies. 

The loadstone, by which iron and steel are at- 
tracted without our being able to discern the cause, 
presents a phenomenon somewhat similar. Though 
it be now certain that this is produced by a substance 
extremely subtile, which penetrates through the 
pores of the loadstone and of the iron, it may, how- 
ever, be affirmed, that the loadstone attracts iron, 
and that iron is attracted by it, provided this manner 
of speaking does not exclude the true cause. It 
may likewise be affirmed, then, that the earth at 
tracts all bodies that are near it ; nay, those which 
are at very great distances : and we may consider 
the weight or gravity of bodies as the effect of tin 
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Attraction of the earth, which acts even upon the 
moon. 

Again, the sun and all the planets are endowed 
with a similar power of attraction, which extends to 
all bodies. In conformity to this manner of speak- 
ing, we say that the sun attracts the planets, and 
that Jupiter and Saturn attract their respective satel- 
lites ; hence Newton's system has likewise been de- 
nominated the system of attraction. As there can 
be no doubt that bodies very near the moon must 
likewise be pressed to it by a power similar to grav- 
ity, it may likewise be affirmed, that the moon too 
attracts adjoining bodies. 

It was natural to suppose, that this attraction of 
the moon should extend as far as the earth, though 
it must be undoubtedly very feeble, as we have seen 
that of the earth upon the moon to be ; now the 
same philosopher has placed this also beyond the 
reach of doubt, by demonstrating, that the flux and 
reflux of the waters of the sea, of which I shall 
take occasion to speak afterward, are caused by the 
attraction of the moon. It can no longer be doubted, 
therefore, that Jupiter and Saturn are reciprocally 
attracted by their respective satellites; and that 
the sun itself is subject to the attraction of the 
planets, though this attractive power be exceedingly 
small. 

This is the origin of the system of universal at- 
raction, in which it is maintained, and with good 
won, that not only does the sun attract the planets, 
it is reciprocally attracted by each of them ; nay, 
at all the planets exert their attractive power upon 
?h other. The earth, then, is attracted, not only 
the sun, but also by all the other planets, though 
ir power be almost imperceptible compared to 
; of the sun. 

ou will easily comprehend, that the motion of a 
*t, which is attracted, not only by the sun, but 
ie other planets, in however small a degree, 
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must be somewhat different from what it would hare 
been were it attracted by the sun only; and that 
consequently the attractions of the other planets 
must cause some small derangement of that motion. 
Now these derangements are likewise confirmed by- 
experience ; and this has carried the system of uni- 
versal attraction to the highest possible degree of 
certainty, so that no one now presumes to dispute 
its truth. 

I must likewise remark, that comets too are sub- 
ject to this law ; that they are principally attracted 
by the sun, whose action regulates their motion ; but 
that they likewise feel the attractive power of all 
the planets, especially when they are not very dis- 
tant from them. It is a general rule, as we shall see 
afterward, that the attraction of all the heavenly 
bodies diminishes in proportion to the distance, 
and increases in proportion to the nearness. Now 
comets likewise are endowed with a power by which 
other bodies are attracted towards them, and so 
much the more sensibly as they approach nearer. 
When, therefore, a comet passes somewhat more 
closely to a planet, it may derange the motion of 
that planet by its attractive power; and its own will 
likewise be disturbed by that of the planet. These 
consequences are verified by real observation. 

Examples might be adduced to prove that the 
motion of a comet has been deranged by the attrac- 
tion of the planets near which it happened to pass; 
and that the motion of the earth, an&of the other 
planets, has already undergone some derangement 
from the attraction of comets. 

The fixed stars, being bodies similar to the sun, 
are likewise endowed, no doubt, with an attractive 
power; but their enormous distance prevents our 
feeling" any sensible effect from it. 

$th September, 1760. 
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LETTER LIV. 

Different Sentiments of Philosophers respecting Uni* 
versal Gravitation* The Attractionists. 

It is established, then, by reasons which cannot 
be controverted, that a universal gravitation per- 
vades all the heavenly bodies, by which they are 
attracted towards each other ; and that this power is 
greater in proportion to their proximity. 

This fact is incontestable ; but it has been made a 
question, whether we ought to give it the name of 
impulsion or attraction. The name undoubtedly is a 
matter of indifference, as the effect is the same. 
The astronomer, accordingly, attentive only to the 
effect of this power, gives himself little trouble to 
determine whether the heavenly bodies are impelled 
towards each other, or whether they mutually at- 
tract one another; and the person who examines 
the phenomena only is unconcerned whether the 
earth attracts bodies, or whether they are impelled 
towards it by some invisible cause. 

But in attempting to dive into the mysteries of 
nature, it is of importance to know if the heavenly 
bodies act upon each other by impulsion, or by 
attraction; if a certain subtile invisible matter impels 
them towards each other ; or if they are endowed 
with a secret or occult quality, by which they are 
mutually attracted. On this question philosophers 
are divided. Some are of opinion, that this phe- 
nomenon is analogous to an impulsion ; others main- 
tain, with Newton, and the English in general, that 
it consists in attraction. 

It must be observed, that the terms attract and 
draw are not perfectly synonymous ; that accord- 
ingly it is not to be supposed there is an intermedi- 
ate body between the sun and the earth. 
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The English, and those who have adopted the i 
opinion, explain it in this manner : They mail 
that the quality of mutual attraction is proper t 
bodies ; that it is as natural to them as mag-nit 
and that it is a satisfying solution of the que* 
that the Creator willed this mutual attractio 
bodies. Had there been but two bodies in the 
verse, however remote from each other, they ¥ 
have had from the first a tendency towards 
other, by means of which they would have in 
approached and united. Hence it follows, thai 
greater a body is, the more considerable is th 
traction which it exerts upon others; for as 
quality is essential to matter, the more of it 
body contains, the greater is its attractive fore* 

As the sun, therefore, considerably surpass* 
the planets in magnitude, its attractive force : 
be much greater than theirs. They likewise ren 
that 1 the mass of Jupiter being much greater 
that of the earth, the attractive force which he 
ercises over his satellites is much more pow 
than that with which the earth acts upon the no 

According to this system, the gravity of bodic 
the earth is the result of all the attractions exer< 
upon them by the particles of our globe ; and 
contained more matter than it actually doef 
attraction would become more powerful, an<3 
gravity of bodies would be increased. But if, 01 
contrary, the mass of the earth should nappe 
some accident to be diminished, its attractive 1 
too would be diminished, as well as the gravil 
bodies at its surface. 

It has been objected to these philosophers, 
on their hypothesis, any two bodies whatever at 
for instance, on a table, must attract each other 
consequently approach. They admit the c< 
quence ; but they insist, that in this case the at 
turn would be too small to produce any sen 
effect ; for if the whole mass of the earth, b 
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attractive force, produces in every body only thai 
effect which we perceive in the weight of a body, a 
mass many millions of times smaller than the earth 
will produce an effect as many times smaller. 

It must readily be admitted, that if the weight of a 
body became many millions of times less, the effect 
of gravity upon it must be reduced to almost nothing : 
attraction therefore, cannot be perceptible, except 
mbodidr of Terr great magnitude. The partisans 
of the system of gravitation, therefore, are not vul- 
nerable on this side ; and they produce in support of 
their opinion an experiment made in Peru by the 
French academicians,? in which they perceived the 
effect of a slight attraction of a prodigious mountain 
on adjacent bodies. In adopting, therefore, the sys- 
tem of attraction, we need be under no apprehension 
of its leading us to false consequences ; and it has 
hitherto been always confirmed by the new facta 
which have been discovered. 

7<A September, 1760. 



Power by which the Heavenly Bodies are mutually 
attracted. 

You are well acquainted with the property of the* 
loadstone, that of attracting iron. You have seen 
small bits of iron and steel, such as needles, when 
placed near the loadstone^ move to it with a force 
proportioned to their proximity. As you see no- 
thing that impels them towards the loadstone, we 

* Dr. Maskelyne bas more recently found, that a deviation of 5" .8 was 
und at ed by the attraction of the mountain called SckehaUien, in Scotland, 
the double effect being about Jl".6. Mr. Cavendish also succeeded hi 
jaiaaoring tie mutual attraction of balls of lead, by means of an appa- 
farufetbr that purpose. Hence it was found that the mean density of the 
jsjtfc .im rtoMtAttt times thai pf waters- Ed, 
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say that the loadstone attracts them, and this phe 
nomenon we call attraction. It cannot be doubted 
however, that there is a very subtile, though inviri 
ble matter, which produces this effect by actual^ 
impelling the iron towards the loadstone; but ai 
modes of expression are regulated by appearances 
it has become customary to say thai the faidstoai 



attracts iron. , Je- 
Though this phenomenon be peculiar IjPllie load 

stone and iron, it is perfectly adapted tftVeonvey ai 
idea of the signification of the word attraction, whicl 
philosophers so frequently employ. They allege 
then, that all bodies, in general, are endowed with i 
property similar to that of the loadstone, and tha 
they all mutually attract ; but that this effect doe* 
not become perceptible unless they are very great 
and cannot be perceived when they are small. 

However great, for example, a stone may be, r 
exercises no sensible attraction on other bodies ad 
jacent to it, because its power is too small. But il 
its mass were to increase, and to become mam 
thousands of times greater, its effect would at lengtr 
become perceptible. It has already been remarked 
that, from actual observation, it was found that i 
lofty mountain in Peru had produced attraction 
though indeed in a very small degree. A mountau 
still greater would produce, therefore, a more sensi- 
ble attraction ; and a body much greater, such as the 
whole globe, would attract others with a force pro- 
portionably greater ; and this force, would be pre- 
cisely the gravity with which we see that they arc 
actually impelled towards the earth. 

According to this system, then, the gravity whicl 
obliges all bodies to descend is nothing else but the 
result of the attraction of the whole mass bf the 
earth. If this mass were greater or less, the gravit) 
or weight of bodies would be proportionably greatei 
or less. Hence it follows, that all the other greal 
bodies in the universe, as the sun, the planets, and 
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the moon, are endowed with a similar attractive 
power ; but greater or less in proportion as they 
themselves are so. 

As the sun is many thousands of times greater than 
the earth, his attractive power exceeds that of the 
earth so many thousand times. • The mass of the 
moon bjuttkulated to be forty times less than that 
of the Mpk; it will follow, that her attractive force 
is so ing^tknes less : and the same rule applies to 
all the hfffrtnly bodies. 

9th Seftimhtr, 1160. 



LETTER LVI. 

The same Subject continued. 

in virtue of the system of attraction, or universal 
gravitation, each of the heavenly bodies attracts all 
the rest, and is reciprocally attracted by them. 

in order to form a judgment of the force with 
which these bodies attract the others, we have only 
to consider two bodies whose attraction is mutual 
And here we must attend to three things; first, to 
the body attracting ; secondly, to the body attracted ; 
and, finally, to their distance: for on these three 
circmmstances the attractive power depends. 



Fig. 33. 




Let A, Fig. 33, be the attracting body, and B the 
body .attracted; both of them spherical, the heavenly 
bodies being nearly of this figure. Take for their dis- 
tance $hat of their centres A and B, that is, the straight 
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line A B. Now, with respect to the mass of the 
attracting body A, it must be remarked, that the 
greater it is, the greater also will be its power to 
attract the body B. Consequently, if A were twice 
as great as B, this last would feel an attraction twice 
as powerful exercised over it by the other ; if it 
were three times as great the effect would be triple, 
and so on— always supposing the distant* of their 
centres to be the same. , 

If, then, the earth contained more or less matter 
than it actually does, it would attract afl adjacent 
bodies with greater or less force, or their weight 
would be increased or diminished. And as the earth 
itself is attracted by the sun, the same thing might 
be affirmed as to it, should the mass or that lumi- 
nary happen, to change. As to the attracted body 
B, supposing the attracting body A and the dis- 
tance A B to continue the same, it is to be re- 
marked, that the greater or smaller its mass is, the 
greater or less, also, is the power with which it is 
attracted towards A. Thus, if the body B were twice 
as great, it would be attracted towards A with double 
flie force ; if three times greater, with triple the 
force, and so on. 

In order more clearly to elucidate this remark, we 
have only to substitute the earth in the place of the 
attracting body A ; then the force with which the 
body B is attracted is nothing else but the weight 
of that body. Now, it is demonstrated that the 
greater or smaller the body A is, the greater or less 
also is its gravity ; hence it follows, that while the 
attracting body A and the distance A B continue 
the same, the attraction which B feels precisely fol- 
lows the magnitude of that body. To express this 
circumstance, mathematicians employ the term pro- 
portional ; thus, they say the body B is attracted: by 
the body A with a force proportional to its mass; 
the meaning of which is, that if the mass of body B 
were twice, thrice, or four times greater, the attract* 
ive power would be precisely so many times in- 
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creased. Thus, with respect to the attracting body 
A, they say, that the power which it exercises over 
the body is proportional to its mass, so long as 
that of B and the distance A B continue the same. 

I must further observe, that when we speak of the 
quantity of the attracting body A, or of the attracted 
body B, we mean the quantity of matter which each 
contains, and not their magnitude merely. You will 
recollect, that bodies differ considerably in this re- 
spect, and that there are some, which, in a very small 
combasB, contain a great deal of matter, gold, for ex- 
ample, while others, such as air, contain very little 
in a great space. When, therefore, we here speak 
of bodies, we are always to be understood as refer- 
ring to the quantity of matter which they contain: 
this is what we mean by their mass. 

All that now reniains is to examine the third cir- 
cumstance, namely, the distance A B of the two 
bodies, supposing them to continue always the same. 
It must be observed, that as the distance A B in- 
creases, the attraction diminishes ; and that as they 
approach nearer, it increases : but in conformity to 
a law which it is not so easy to express. When the 
distance becomes twice as great, the force with which 
the body B is attracted towards the body A will be 
twice two, or four times less ; and for triple the dis- 
tance, the attraction becomes three times three, that 
is nine times less. If the distance becomes four 
times greater, the power of attraction becomes four 
times four, that is sixteen times less, and so on. 
Finally, for a distance a hundred times greater, the 
power of attraction will be a hundred times a hun- 
dred, or ten thousand times less. From this it fol- 
lows, that at very great distances it must become 
altogether imperceptible. And, reciprocally, when 
the distance A B is very small, the attraction may 
be very considerable) though the bodies may be of 
no great magnitude. 

lltk September, 1760. 
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LETTER LVIL 



Th* umm Subject eontomd. 

I hate now demonstrated that when a body B k 
attracted by a body A, the power of attraction is 
proportional to the mass of the attracting body A, 
ana to that of the attracted body B ; but it depends 
to such a degree on the distance of these bodies, 
that if it should become twice, thrice, four, or five 
times greater, the power of attraction would become 
four, nine, sixteen, or twenty-five times less. 

In order to ascertain the rule of these quantities, 
we must multiply into itself the number which 
marks how many times the distance is increased, 
and the product will show how many times less the 
power of attraction has become. To put this rule 
in its clearest light, it must be observed, that when 
we multiply a number into itself, the product result- 
ing from it is called its square. Thus, to find these 
squares, we must multiply the numbers by them- 
selves, as below. 



10 
10 



100 



1 


3 


3 


4 


5 


6 


7 


8 


9 


1 


S 


3 


4 


5 


6 


7 


8 


9 


1 


4 


9 


16 


85 


36 


49 


64 


61 



Multiplied by 11 
Til 



18 

Multiplied by IS 
Square 144 



It is clear, from this last example, that the square 
of number 12 is 144 ; and if you wish to know th* 
square of any number whatever, say 858, yon most 
multiply that number by itself, at in the folMftJ 
scheme 
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258 
258 

2064 
1290 
516 



66564 

Twm which we see, that the square of 258 is 60,564 \ 
and the squares of ail numbers whatever may be cal- 
culated in like manner. 

As the distance of bodies, then, must be multiplied 
by itself, it is evident that the power of attraction 
diminishes as much as the square of the distance 
increases ; or, that the square of the distance be- 
comes as many times greater as the power of attrac- 
tion is diminished, 

In treating subjects of this nature, mathematicians 
employ expressions whose signification it is proper 
you should know, because they sometimes occur in 
the course of conversation. If the attractive power 
increased in proportion to the square of the distance, 
we would call it proportionally to the square of the 
distance ; but as the direct contrary takes place, and 
as the attractive power diminishes as the sqiiare of 
the distance increases j we employ the term recipro- 
cally to express this contrariety, saying, that the 
power is reciprocally proportional to the square Of 
the distance. It is a geometrical mode of expres- 
sion the meaning of which you perfectly compre- 
hend ; and it refers to what i have just been attempt- 
ing to explain. 

In order to judge aright of the power which one 
body exercises over another 7 you have only to re- 
mark, that this power is, first of all, proportional 
to the mass of the attracting body : then to that of 
the body attracted ; and finally, reciprocally to the 
square of their distance. Hence it is evident, that 
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though the earth, and the other planets are likewise 
attracted towards the fixed stars, the power must 
be imperceptible, on account of their prodigious dis- 
. tance. 

Supposing, therefore, the mass of a fixed star to 
be equal to that of the sun, at equal distances, the 
earth would be attracted towards it with a foree as 
great as towards the sun ; but as the distance of the 
fixed star is 400,000 times greater than that ef the 
sun, the square of this number being 160,000,00^,000, 
that is, a hundred and sixty thousand millions, the 
power with which it acts upon our globe is, a hun- 
dred and sixty thousand millions of times less than 
that of the sun; and, consequently, too feeble to 
produce any perceptible effect. For this reason, the 
attractive power of the fixed stars does not at all 
affect the earth's motion, nor that of the planets and 
the moon ; but it is that of the sun which chiefly 
regulates their motions, because his mass exceeds 
many thousands of times the mass of each planet. 

When, however, two planets approach, so that 
their distance becomes less than that of the sun, 
their attractive power increases, and may become 
sufficiently perceptible to derange their motion. 
Such derangement has, in fact, been' observed ; and 
constitutes an irresistible proof of the system of 
universal gravitation. Accordingly, when a comet 
approaches very near to a planet, the motion of this 
last may be considerably affected by it. 

13M September, 1760. 



LETTER LVIII. 

Motion of the Heavenly Bodies. Method of det e r mining 
tt by the Laws of universal Gravitation. 

Prom what has been said respecting the power by 
which all the heavenly bodies mutually attract each 
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other, proportionally to their mass and distance* 
yon are enabled* to comprehend how their motions 
maybe determined, and the real place of each body, 
at any given time, accurately assigned. 

In this astronomy consists ; the object of which is 
an exact knowledge of the motions of the heavenly 
bodies, in order to be able to determine, for every 
instant of time, whether past or to come, the place 
in wtahA each of them must be„ and in what place of 
tbehefteas it most appear, whether viewed from the 
earth, ar any other point whatever of the universe. 

The science which treats of motion in general is 
named mechanics, or dynamics. Its object is to 
determine the motion of all bodies whatever, ani- 
mated by whatever power. This .science constitutes 
tne of the principal branches of mathematics ; and 
those who apply to it exert all their efforts to carry 
mechanics to the highest possible degree of perfec- 
tion. The sabjects about which this science is 
conversant are, however, so intricate, that there is 
hitherto no great ground of boasting of our progress 
in the investigation of them ; and we must rest sat- 
isfied with advancing step by step. Not many years 
are elapsed since we began to make any progress at 
all in this career ; and what has been done is chiefly 
to be ascribed to the Academy of Sciences at Paris, 
which proposes annual prizes to. the best proficients 
in the prosecution of this science. 

The greatest difficulty arises from the number of 
powers which act upon the heavenly bodies. If each 
of these were attracted towards only one single point, 
there would be very little difficulty in the way ; and 
the great Newton, who died in 1728, was the first 
who gave a complete demonstration of the motion 
of two bodies which have a mutual attraction, in 
conformity to the law which I have laid down. In 
virtue of this law, were the earth attracted towards 
the sun only, we should be able perfectly, without 
research, to determine its motion. The same thing 
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would apply to the other planets, Saturn, Jupiter, 
Mara, Venus, and Mercury, if they were attracted 
only by the sun. But the earth being attracted, not 
only by him, but by all the other heavenly bodies, 
the question becomes infinitely mo<& complex and 
difficult, from the great diversity of powers to which 
we must pay attention. You may neglect, how- 
ever, the powers with which it is attracted towards 
the fixed stars; because, however enormous their 
masses may be, they are so prodigiously (distant, 
that the power which they exercise upon the earth 
may be considered as just nothing. 

The motion of the earth, therefore, and of the 
other planets, will always be as perfectly the same 
as if the fixed stars did not exist. Excepting, then, 
the power of the sun, we have only to consider the 
power with which the planets mutually attract each 
other. Now, these powers are extremely small, 
compared to those by which each planfct is attracted 
towards the sun, because the mass of the sun is 
much greater than that of each planet. 

As, however, these powers increase according as 
the distances diminish, so that a power four times 
greater corresponds to a distance twice less ; and a 
power nine times less corresponds to a distance 
three times greater, and so on, according to the 
squares of the numbers, as I explained the subject 
in the preceding Letter, it might be possible for two 
planets to approach so near that their attractive 
power should become equal to that of the sun, nay, 
greatly exceed it. 

Fortunately, this never takes place in our system, 
and the planets always remain at such a distance 
from each other, that their attractive power is ever 
incomparably smaller than that of the sun. For 
this reason, without extending our views beyond 
what is thus certainly known, we may consider 
every planet as attracted only by the power of the 
sun, and by that it is easy to determine its motion* 
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This, however, can take place only when we are 
disposed to rest satisfied with a result near the truth ; 
for if we wish to have more exact information, we 
most attend to those feebler powers with which the 
planets act upon each other — powers which really 
produce the little irregularities- clearly observed by 
astronomers ; and to the attainment of the perfect 
knowledge of these is directed all the sagacity of 
both astronomers and geometricians. 
1M September, 1760. 



LETTER LIX. 
System of the Universe. 

1st order the more clearly to elucidate what 1 have 
been advancing respecting the motion of the hea- 
venly bodies, and the powers which produce it, per- 
mit me to present to you (see Fig. 37, Frontispiece) 
the system of the universe, or a description of the 
heavenly bodies which compose it. 

We must, first of all, observe, that the fixed stars 
are bodies entirely similar to the sun, and luminous 
of themselves ; that they are at a very great distance 
from that luminary, and also very distant from each 
other; and that every one of them is, perhaps, of 
equal magnitude with the sun. You are already in* 
formed, that the fixed star nearest to us is at least 
400,000 times more distant than the sun. Each of 
the fixed stars seems designed to communicate light 
and heat to a certain number of opaque bodies, simi- 
lar to our earth, and, undoubtedly, inhabited like- 
wise, placed near them, but which we cannot see) 
on account of their prodigious distance. 

Though it is impossible to ascertain this by actual 
observations, we must conclude it, from their anal- 
ogy to the sun, who serves to warm and to illumi- 
nate the earth and the other planets. We know, 
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particularly six of these bodies ; they are not in a 
state of rest, but each of them moves round the sun, 
in the direction of a curve line, somewhat different 
from a circle, and which is called the planet's orbit. 
The sun himself is nearly in a state of rest, as well 
as all the fixed stars ; the motion which they appear 
to have being entirely owing to that of the earth. 

I have accordingly represented, on the annea e ft 
sheet (Fig. 37, Frontispiece), what is called &e Msr 
System, which contains all the opaque bodies mat 
move round the sun, and derive from him all the 
benefits which he imparts to us. This sign $ repre- 
sents the Sun at rest. Yon see, besides, the eleven 
circles, representing the orbits described by the plan- 
ets in their motion round him. 

That nearest to the sun is Mercury, marked by 
the sign 0, and the little circle yon see inline orbit 
represents the body of Mercury, who performs hi* 
revolution round the sun in about 88 days. 

Next comes Venus, marked by 9 , who complete* 
a revolution round the sun in seven months nearly. 

The third circle is the orbit of the Earth) marked 
by the sign 0, and which completes a revolution 
round the sun in a year. We have no other mean- 
ing, in truth, to the word year, but the time employed 
by the earth in performing a revolution round the 
sun ; and the duration of the common year nearly 



But while the earth is moving round the mm, 
there is another body moving round the earth, and 
keeping the direction of its orbit ; this is the Moon, 
whose own circle, or orbit, is marked by 1> . 

The two first planets, Mercury and Venus, have 
no visible bodies which attend them; neither has 
Mars $ , which is the fourth, and performs his revo- 
lution in about two years. 

The next circle is the orbit of Jupiter, marked by 
U, who performs his revolution in twelve yean 
nearly. Round him move four satellites, represented 




nroaches to this solar year. 
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in the Plate, with their orbits, and marked by the 
figures 1, 2, 3, 4. 

The next circle is the orbit of Saturn, marked 
thus, ^, who employs almost thirty years in per- 
forming one revolution round the sun. This planet 
is attended in his course by seven satellites, marked 
by the figures 1, 3, 3, 4, 5, 6, 7. Thus, then, the 
solar system consists of six (now eleven) primary 
planets, Mercury S , Venus 9 , the Earth 6 , Mars /, 
Jupiter 21, Saturn and eighteen secondary plan* 
eta or satellites, namely, the Moon, the four attend* 
ants of Jupiter, the seven of Saturn,* and the six of 
the Georgram Sidus. 

This system contains, besides, several comets, the 
number of which is unknown. The figure on the 
Plate represents one of them, whose orbit differs 
from that of the planets, because it is drawn out 
into extreme length, so that a comet sometimes 
approaches very near to the sun, and sometimes 
removes to such an immense distance as entirely to 
disappear. Of comets it has been remarked, that 
one finishes his revolutions in his orbit in about 
sixty years ; this is the one that was visible last 
year.f As to the other comets, it is certain that 
they employ several centuries in performing one 
revolution in their orbits ; and as, in past ages, no 
exact observations were made of them, we are totally 
in the dark with respect to their return. Of these, 
then, consists the solar system ; and, most probably, 
every fixed star has one similar to it. 

llth September, 1760. 

* We bore added in tbe figure the orbits of the new planet*, discovered 
(tees the time of Baler, Tic C«re«, Pmllat. Juno, and Vesta, whose or- 
bits are situated between those of Mars and Jupiter ; and the Georgium 
-8W** r (l)whbh is situated beyond tbe orbit of Saturn. The last of these 
piaaeta is attended with si* satellites.— Ed. > 

t A oomet has lately been discovered, which performs its revolution • 
within the planetary system in 1204 days.— JEd. 

VOL. I.— S. 
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LETTER LX. 
The same Subject continued. 

In addition to what I have said respectu 
solar system, I must communicate some ob 
tions for the explanation of the figures. And 
it must be remarked, that the lines which ma 
paths in which the planets move have no real 
ence in the heavens, as the whole immensity of 
in which they move is a vacuum, or rathei 
with that subtile matter which we call the 
and which I have already so often mentioned. 

Again, the orbits of the planets are not all 
same plane, as the figure presents them: bui 
orbit which the earth describes round the 
properly represented on the paper, we must in 
the orbits of the five other planets to be part 
vated, and partly depressed, with reference 
or that the orbit of each planet bears upon 
oblique direction, making an intersection wi 
paper, under a certain angle, which it is imp 
to represent in a figure drawn upon a plane. 

Further, the orbits of the planets are not c 
as the figure appears to indicate, but rather 
what oval, one more, another less so ; no one 
ever, recedes very considerably from the c 
form. The orbit of Venus is almost a perfect 
but those of the other planets are more or 1< 
tended lengthwise, so that these planets are 
times nearer to the sun, sometimes farther of 

The orbits of comets are particularly distir 
able, be,ing greatly extended in length, as repre 
in the figure. As to the moon, and the sal 
Of Jupiter and Saturn, their orbits, too, are 
circular. 

Neither must we conceive them as moving 
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and the same direction, as they appear on the plane 
of the paper ; for they do not remain in the same 
place, but are themselves carried round the sun 
along with the primary planet to which they belong. 
It is thus we must understand the lines represented 
in the figure. Imagination must supply what it is 
unpossible, on a plane surface, accurately to exhibit. 

You are now enabled to comprehend with ease 
jAftt the late Mr. de Fontenelle meant to display, in 
"Pp book on the plurality of worlds. The earth, 
with its inhabitants, is sometimes denominated a 
world; and every planet, nay, every one of the sat- 
ellites, has an equal right to the same appellation — it 
beimr highly probable that each of these bodies is 
inhabited as well as the earth. 

There are twenty-nine worlds, then, in the solar 
system alone. And every fixed star being a sun, 
round which a certain number of planets perform 
their revolutions, and of which some have, undoubt, 
edly, their satellites, we have an almost infinite 
number of worlds, similar to our earth, considering 
that the number of stars perceptible to the unas- 
sisted eye exceeds some thousands, and that the 
telescope discovers to us an incomparably greater 
number. 

If it is meant to comprehend under the name of 
world the sun, with the planets and their satellites, 
and which derive heat and light from him, we shall 
have as many worlds as there are fixed stars. But 
if by the term world we .understand the earth, with 
all ue heavenly bodies, or all the beings which were 
created at once, it is clear that there can be but one 
world, to which we refer every thing that exists. It 
is in this sense the term world is employed in philos- 
ophy, particularly in metaphysics ; it is in this sense 
we say that there is but one world, the assemblage 
of all created beings, past, as well as present and 
future, whose existence is subject to general laws. 

When, therefore, philosophers dispute, whether 
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our world is the best or not, they proceed on the 
■opposition of a plurality of worlds ; and some main- 
tain that the one which exists is the best of all those 
which could have existed. They consider the Deity 
as an architect, who, intending to create this world, 
traced several different plans, of which he selected 
the best, or that in which the greatest perfections 
were all combined, in the highest degree, and exe- 
cuted it in preference to all the others. 

But the great quantity of evil that prevails, and is 
diffused over the surface of our globe, and which 
flows from the wickedness of man, suggests an im- 
portant inquiry, namely, Whether it would have been 
possible to create a world wholly exempted from 
these evils ? 

In my opinion, a distinction must be carefully 
made between the plans of a world which should 
contain corporeal substances only, and those of 
another world, which should contain beings intelli- 
gent and free. In the former case, the choice of the 
best would be involved in very little difficulty ; but 
in the other, where beings intelligent and free con- 
stitute the principal part of the world, the determi- 
nation of what is best is infinitely beyond our ca- 
pacity ; and even the wickedness of free agents may 
contribute to the perfection of the world in a manner 
which we are unable to comprehend. 

It would appear that philosophers have not been 
sufficiently attentive to this distinction, however 
essential it may be. But I am too sensible of my 
own incapacity to enter any deeper into this difficult 
question. 

19th September, 1760. 
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LETTER LXL 

Small Irregularities in the Motions of the Planets, 

caused by their mutual Attraction, 

In order to determine the motion of the bodies 
which compose the solar system, it is necessary to 
distinguish the primary planets, which are Mercury f 
Venus, the Earth, Mars, Ceres, Pallas, Juno, Vesta, 
Jupiter, Saturn, and the Georgium Sidus, from their 
satellites, namely, the moon, the four satellites of 
Jupiter, , the seven of Saturn, and the six of the Geor- 
gium Sidus. 

It has been explained to you, that these eleven plan- 
ets are principally attracted towards the sun, or that 
the force with which they are impelled towards him is 
incomparably greater than the powers which they 
exert one upon another, because his mass is incom- 
parably greater than that of the planets, and because 
they never sufficiently approach to each other to 
render their reciprocal attraction very considerable. 
Were they attracted only towards the suit, their mo- 
tion would be sufficiently regular, and easily deter- 
mined. But the feebler powers of which I have 
been speaking occasion some slight irregularities in 
their motion, which astronomers are eager to dis- 
cover, and which geometricians endeavour to deter- 
mine on the principles of motion. 

An important question is here agitated — namely, 
The powers which act upon a body being known, how to 
find the motion of that body ? Now, upon the princi- 
ples above laid down, we are acquainted with -the 
powers, to the influence of which every planet is 
subjected. Thus the motion of the earth is some- 
what affected, first, by the attraction of Venus, which 
sometimes passes very near it; and, secondly,. by 
that of Jupiter, which, on account of the prodigious 
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mass of this planet, becomes considerable, though 
he be always at a great distance. The mass of 
Mars is too small to produce any perceptible effect, 
though he is sometimes very near us ; and Saturn, 
though his mass be the greatest next to that of J«- 
piter, is too distant. 

The moon, though her mass be Very small, pro- 
duces, .however, some derangement, from her being 
very near the earth. The comet which appeared 
last year was seven times nearer to us than the sun 
when his distance was smallest; there is a great 
degree of probability, therefore, that it may have 
deranged the earth's motion, especially if his mass 
was considerable — a circumstance with which we 
are not acquainted. If this comet were as great as 
the earth, the effect must have been very consider- 
able ; but its apparent smallness induces me to believe 
that its mass is much less than that of the earth, and 
consequently its effect must have been proportionally 
less. When we saw this comet, however, it had got 
to a great distance : at the time when it was nearest 
it was invisible to us, but it must have appeared very 
brilliant to our antipodes. 

What has been said respecting the derangements 
occasioned in the earth's motion takes place likewise 
in the other planets, regard being had to their mass, 
a*d to their proximity. As to the moon* and the 
other secondary-planets, the principle of their motion 
is somewhat different. The moon is so near the 
earth, that the attraction she feels from hence greatly 
exceeds that of the sun, though the mass of this 
luminary be many thousands of times greater than 
that of the earth. Hence it is that the motion of the 
moon follows that of the earth, and that she remains, 
as it were, attached to it, which makes the moon to 
he considered as a satellite to our planet. 

Had the moon been placed much farther from us, 
and had she been attracted less towards the earth 
than towards the sun, she would have become a pri- 



MOTIONS OF TBI PLANETS. 



211 



mary planet, and performed her own revolutions 
round the son ; but she is 300 times nearer to us 
than she is to the sun ; hence it is evident that he 
most exercise a much feebler influence upon her 
than the earth does. The moon being principally 
attracted by two bodies, the sun and the earth, it is 
evident that the determination of her motion must 
be much more difficult than that of the primary 
planets, which are subject to the attraction of the 
sun only, excepting the slight derangements which 
have been mentioned. The motion of the moon has 
accordingly in all ages greatly embarrassed philoso- 
phers ; and never have they been able to ascertain, 
for any future given time, the exact place of the 
moon m the heavens.* 

Yon perfectly comprehend, that in order to pre- 
dict an eclipse, whether of the moon or of the sun, 
we must be able accurately to ascertain the moon's 
place. Now in calculating eclipses formerly, there 
was frequently a mistake of an hour or more, the 
eclipse actually taking place an hour earlier or later 
than the calculation. Whatever pains the ancient 
astronomers took to determine the moon's motion, 
they were always very wide of the truth. It was 
not till the great Newton discovered the real powers 
which act upon the moon, that we began to approach 
nearer and nearer to truth, after having surmounted 
many obstacles which retarded our progress. 

1 too have employed much time and attention on 
the subject : and Mr. Mayer of Gottingen, pursuing 
the track which I had opened, has arrived at a de- 
gree of precision beyond which it is perhaps impossi- 
ble tfgo.f Not much more, then, than ten years 

* Bo great has been the improvement of astronomies! Instnnnenta, 
so extensive the observation of phenomena, and so much more accurate 
las tables founded upon them, since the time of Buler, the illustrious 
aatiwr ©said scarcely hare anticipated the progress of his favourite 
astsBse.*— ^7it. JSrf. 

t The average error of Mayer's best tables, with the approvements af 
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have elapsed since we could boast of any thing lik 
accurate knowledge of the moon's motion. Sine 
that time, we are able to calculate eclipses so ei 
actly as not to make the mistake of a single minute 
whereas before, there was frequently the different 
of eight minutes and mere. To analysis, then, w 
are indebted for this important discovery, the some 
of unspeakable advantages, not to the astronomc 
only, but likewise to the geographer and the nav 
gator. 
%3d September, 1760. 



LETTER LXII. 
Description of the Flux and Reflux of the Sea. 

Tot attractive power of the heavenly bodies ei 
tends, not only to the mass of the earth, but to a 
the parts of which it is composed. Thus, all th 
bodies which we see on the surface of the earth ar 
attracted, not only towards the earth itself, froi 
which results their gravity, and the weight' of ever 
one in particular, but likewise towards the sun, an 
towards all the other heavenly bodies; and thi 
more or less, according to the mass of these bodte 
and tjieir distance. 

Now it is evident, that the force with which 
body, say a stone, is attracted towards the eartl 
must be incomparably greater than that with whic 
the same body is attracted towards the sun, th 
other planets, and the moon, because of their grei 
distance. Such a body, being at a distance from th 
centre of the earth equal to a radius of this globe, i 
60 times farther from the moon. Though, then, th 

Mason, ww from 1783 tp 1768, 30" in longitude, and 14" in latitude 
whereas the average error of our present tables, in 1881, is only 4" I 
longitude, and 4" in latitude,— sq rapid and ^"''Hfr'd for baa been th 
progress of astronomy. — Ed. 
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mass of the moon were equal to that of the earth, 
die attraction towards the moon would be 60 times 
60, that is 3600 times less than the attraction towards 
the earth, or the gravity of the body. But the mass 
of the moon is about 70 times less than that of the 
earth ; hence the attractive power of the moon be- 
comes still 70 times 3600, that is, 252,000 times less 
than the gravity of the body. 

Again, though the sun be many thousands of 
times greater than the earth, he is about 24,000 times 
more distant from us than the centre of the earth ; 
and for this reason the attraction of the sun upon a 
stone is extremely small compared to its gravity. 
Hence you see that the gravity of terrestrial bodies, 
which is nothing else but the force with which they 
are attracted towards the earth, cannot be percep- 
tibly affected by the attraction of the heavenly 
bodies. 

Though this attraction, however, be very incon- 
siderable, there results from it a remarkable phe- 
nomenon, which long puzfcled philosophers ; I mean 
the tides, or the flux and the reflux of the sea. It 
occurs so frequently, even in common conversation, 
that it is almost a matter of necessity to understand 
it For this reason, I propose to explain more mi- 
nutely this singular phenomenon, and to unfold the 
causes which produce it. 

I begin, then, with the description , of the well- 
known phenomenon of the flux and reflux of the sea. 
Hardly any one is ignorant, that by far the greatest 
part of the surface of our globe is covered with a 
mass of water, called the- sea, or the ocean. This 
immense fluid mass is very different from rivers and 
lakes, which, according to the different seasons of 
the year, contain sometimes less water, sometimes 
more, whereas in the sea the quantity of water at 
all times continues nearly the same. It is, however, 
observed, that the water of the sea rises and falls 
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alternately with wonderful regularity twice ever] 
twenty-four hours. 

If, for instance, in a harbour the water is now a 
its greatest height, it will presently begin to subside 
and this decrease continues for six hours, at the ent 
of which its depth will be at the lowest. It thei 
begins again to rise, and the increase likewise last* 
six hours, when it is again at its groatest depth. I 
immediately begins again to fall for six hours, am 
then rises as many ; so that in the space of abou 
twenty-four hours the water rises and falls twice ; am 
arrives alternately at its greatest and least depth. 

It is this alternate increase and diminution of th< 
water of the sea which we call its flux and reflux, o 
its flowing and ebbing ; and more particularly, th< 
flux denotes the time during which it increases o: 
rises, and the reflux the time of its decrease or fall 
ing. The flux and reflux together likewise go bi 
the name of tide. This alternation, then, is to b< 
the subject of our present disquisition. 

It is first of all to be remarked, that the different 
between rising and falling keeps pace with the varia 
tions of the moon. At full and new moon the wate: 
rises higher than at the quarters; and about th< 
time of the vernal and autumnal equinoxes, in th< 
months of March and September, this alternate mo 
tion of the sea is most considerable. A great dif 
ference is likewise observed, according to the situa 
tion of the coasts. The flux in some places is neve 
more than a few feet, while in others the rise i 
forty feet and upwards. Such are the tides in th< 
ports of St. Malo in France, and of Bristol in Eng 

It is further to be remarked, that this phenomenon 
is perceptible chiefly in the ocean, where there is s 
vast extent of water ; and that in seas bounded an< 



* The tide rises on the N.E. coast of America, and especially in Ihj 
fiay if Fondy, to the height of 60 feet.— ^m. Ed 
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confined, such as' the Baltic and the Mediterraneani 
it is much less considerable. The interval from the 
flux to the succeeding reflux is not exactly six hours, 
but about eleven minutes more ; so that the same 
changes do not take place the day after at the same 
hour, but fall out about three-quarters of an hour 
later : so that a revolution of thirty days is requisite 
to bring them round to the same hour ; now, this is 
precisely the period of one revolution of the moon, 
or the interval between one new moon and that 
which immediately follows* 
26th September, 1760. 



Different Opinions of Philosophers respecting the Fludt 



When the water of the sea rises at any place, we 
are not to imagine that it swells from any internal 
cause, as milk does when put in a vessel upon the 
fire. * The elevation of the sea is produced by a real 
increase of water flowing father from some other 
place.* It is a real currc.it, which, is very percepti* 
ole at sea, conveying the waters towards the place 
where the flux is. 

In order to have a clear comprehension of this, 
fou must consider that in the vast extent of the ocean 
here are always places where the water is low, while 
t is high at others ; and that it is conveyed from the 
inner to the latter. When the water rises at any 

lace, there is always a current, conveying it from 

her places, where it is of course at that time low* 
is an error, therefore, to imagine, with some ati* 

ors, that during the flux of the sea the total mas* 
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That part of the tea only to meant at which the tide' Tjaeav MM 
uioo at one place produces of course a depression at another *• 
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of water becomes greater, and that it diminish* 
daring the reflux. The entire mass or bulk of watt 
remains ever the same ; but it is subject to a pa 
petual oscillation, by which the water is alternate] 
transported from certain regions to others; as 
when the water is high at any place, it is of court 
low somewhere else, so that the increase at place 
where it is high is precisely equal to the decreas 
at those where it is low. 

Such are the phenomena of the flux and reflux c 
the sea, the cause of which ancient philosophers ei 
deavoured to discover, but in vain. Kepler, in oth< 
respects a great astronomer, and the ornament c 
Germany, believed that the earth, as well as all th 
heavenly bodies, was a real living animal, and coi 
sidered the flux and reflux of the sea as the effect o 
its respiration. According to this philosopher, me 
and beasts were just like insects feeding on th 
back of the huge animal. You will hardly expect 
should go into the refutation of an opinion so ridi 
culous. 

Descartes, that great French philosopher, endear 
oured to introduce a ipore rational philosophy ; an 
remarked, that the flux and reflux of the sea wa 
principally regulated by the moon's motion ; whicl 
was indeed a very important discovery, though th 
ancients had already suspected a connexion betwea 
these two phenomena. For if high water, or th 
top of the flux, happen to-day at noon, it will be loi 
water at eleven minutes after six in the evening: i 
will rise till 22 minutes after midnight ; and the nei 
low water will be 33 minutes after six in the taorninj 
of the day after ; and the ensuing high water, or flu 
will be three-quarters of an hour after noon : so tha 
from one day to another the same tides are later bj 
three-quarters of an hour. 

And as the same thing precisely takes place intiu 
moon's motion, which rises always three-quarters o J 
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an hour later than the preceding day, it was presum- 
aitfe that the tides followed the course of the moon. 
If at any given place, for example, on the day of 
new moon, high water happen to be at three of the 
clock, afternoon, yon could rest assured that eve? 
after, on the first day of the moon, the flux would 
invariably be at the height at three o'clock afternoon, 
and that every following day it would fall later by 
three-quarters of an hour. 

Again, not only the time when every flux and re- 
flux happen exactly follows the moon, but the strength 
of the tides, which is variable, appears still to depend 
on the position of the moon. They are everywhere 
stronger after the new and full moon, that is, at these 
periods the elevation of the water is greater than at 
other times ; and after the first and last quarters, the 
elevation of the water, during the flux, is smaller. 
This wonderful harmony between the tides and the 
motion of the moon was, undoubtedly, sufficient 
ground to conclude, that the chief cause of the flux 
ind reflux of the sea was to be sought for in the 
action of the moon. 

Descartes accordingly believed that the moon, in 
passing over us, pressed the atmosphere, or the air 
which surrounds the earth, and that the air, pressing 
on the water, in its turn forced it to subside. Had 
this been the case, the water must have been de- 
pressed at the places over which the moon was, an4 
he same effect should be produced twelve hours after 
i the ensuing tide; which, however, does not hap- 
an. Besides, the moon is toox distant from the 
irth, and the atmosphere too low, to be impressed 
the moon ; and admitting that the moon, or any 
isr great body, were to pass along the atmosphere, 
rawd be very far from undergoing any pressure 
n it, and stul less would the sea feel tnis pre- 
led pressure. 

*us attempt of Descartes to explain the flux and 
I.— T 
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reflux of the tea has therefore failed ; but the con- 
nexion of this phenomenon with the moon's motion* 
which this philosopher has so clearly unfolded, en- 
abled his successors to employ the application of their 
researches with more effect. This shall be the sub- 
ject of some followiug Letters. 
30*A September, 1760. 



LETTER LXIV. 

Expimnation of the Flux and Reflux, from the Attrmd- 
we Power of the Moon, 

Dbscaktcs's method of explaining the mix and 
reflux of the sea, by the pressure of the moon upon 
our atmosphere, not having succeeded, it was rea- 
sonable to look for the cause of it in the attraction 
which the moon exercises upon the earth, and con- 
sequently also upon the sea. 

The attractive power of the heavenly bodies bar- 
ing been already sufficiently established by so many 
other phenomena, as I have shown, it could not be 
doubted that the flux and reflux of the sea most be 
an effect of it. As soon as it is demonstrated that 
the moon, as well as the other heavenly bodies, is 
endowed with the property of attracting aH bodies 
in the direct ratio of their mass, and in the inverse 
ratio of the square of their distance, it is easily com- 
prehended that its action must extenc} to the sea; 
and the more so, as you must frequently have ob- 
served that the smallest force is capable of agitating 
a fluid. All that remains, therefore, is to inquire, 
whether the attractive power of the moon, such si 
we suppose it, is capable of producing in the set 
the agitation known to us by the name of tar and 
reflux. 
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Let the annexed figure, 

S. 34, represent the earth 
the moon. A is the 
place where we see the moon 
over the earth ; B that which 
is directly opposite or the 
antipodes of A ; and C is the 
centre of the earth. As the 
point A is nearer the moon 
than the point B, a body at A 
is more powerfully attracted 
towards the moon than a 
similar body at B. And if 
we suppose a third similar 
body to be placed at the 
centre of the earth C, it is 
evident that the body A will 
be more powerfully attracted 
towards the moon than the 
body C, and this last than the body B, because the 
body A is nearer to the moon, and the body B 
more remote than the body C. But similar bodies 
placed at E and F are almost as much attracted by 
.he moon as that which is at the centre of the earth 
/, as they are all three nearly equidistant from the 




Hence we see that bodies placed on the surface 
' the earth .are not all equally attracted towards the 
mm. This inequality of attraction depends on the 
quality of their distance from the centre of the 
on L, so that a body is so much the more power- 
y attracted by the moon as its distance is less ; 
the contrary takes place according as the dis- 
« is greater. 

9 these differences in the action of the moon on 
es differently situated we must here chiefly pay 
lion ; for if all bodies were equally attracted 
rds the moon, they would equally obey this 
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power, and no derangement could take place ii 
mutual situation. 

You can easily form the idea of several car 
drawn along by powers perfectly equal ; the 
proceed on the road, always preserving the 
order, and the same distances ; but as soon ae 
of them advance more briskly, and others 
slowly, the order will be deranged. The same 
takes place in the case of the different bodies 
are attracted by the moon ; if they all felt 
same degree the action of that luminary, they 
preserve the same relative situation, and we i 
perceive no change in them: but as soon : 
force with which they are attracted towan 
moon varies as to each of them, their order am 
relative situation necessarily change, unless 
are attached to each other by bands which that 
is unable to burst asunder. 

But this is not the case with the sea, as 
particles of a fluid are easily separated fron 
other, and every one may obey the impre 
which it receives. It is evident, then, that 
the powers which act on the different parts 
sea are not equal to one another, an agitat: 
derangement, must be the consequence. 

We have just seen that the different parts 
sea are attracted unequally by the moon, acc 
as they are unequally distant from her cent* 
sea must, therefore, be agitated by the force 
moon, which, continually changing her situatic 
respect to the earth, and performing a rev< 
round it in about twenty-four hours and three 
ters, makes the sea undergo the same change 
presents the same phenomena in the same pei 
twenty-four hours and three-quarters ; the fli 
reflux must, therefore, be retarded from one 
another three-quarters of an hour, which i 
firmed by constant experience. 

It now remains that we show how the alt 
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iteration and depression of the sea, which succeed 
each other after an interval of six hours and eleven 
minutes, result from the inequality of the powers of 
the moon. This I propose to examine in my next 
Letter. 
ilk October, 1760. 



LETTER LXV. 
The same Subject continued. 

You have seen that the moon causes no alteration 
in the state of the earth, but in so far as she acts 
unequally on its different parts. The reason of it is, 
that if aft its parts equally felt the same action, they 
would be equally attracted, and no change in their 
relative situation would result from it. 

But a body being at A (Fig. 34, p. 910), nearer the 
moon than the centre of the earth C, is more power- 
fully attracted to it than a body at C would be ; it 
will approach it, then, with greater velocity than this 
last : from hence it necessarily follows, that the body 
A retires from the centre C, and approaches the 
moon ; as if there were two chariots, the one at A, 
the other at C, and if the chariot A were drawn to- 
wards L with greater force than the chariot C, it 
would remove from C. It is thus that the power of 
the moon has a tendency to withdraw the point A 
from the centre C. 

Now, to remove a body from the centre of the 
earth is to raise it ; and the water at A being now 
the thing in question, it is certain that the force of 
the moon tends to raise the water which is at A, by 
a power equal to the excess of the attraction towards 
the moon felt at A above that felt at G. By this 
power, then, the moon raises the waters of the earth 
which are immediately under her. 

Let us now. likewise, attend to * body a* B, 
T* 
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directly opposite to the point A ; the centre of the 
earth C, more powerfully attracted by the moon 
than the point B, will approach nearer to it, and this 
last, so to speak, will remain behind, just as a char- 
iot which is drawn more slowly than that which 
precedes it. The point B will consequently remove 
from the centre C, and rise ; for to remove from the 
centre of the earth, and to rise, is one and the same 
thing. 

It is evident, therefore, that the power of the moon 
tends to raise the waters, not only at A, but likewise 
at B, the point diametrically opposite, and that by a 
force equal to the difference of the attraction of the 
moon at B and at C, which is less at B than at C. 
Now, those who are at A have the moon directly 
above them, or in their zenith ; and those who are 
at B see nothing of the moon, because she is then 
in a point of the heavens diametrically opposite to 
their zenith, called nadir. 

Hence it appears, that at whatever part of the sea 
it may be, the- water must rise equally when the 
moon is in the zenith of that place and in its nadir, 
or, when the moon is at its greatest elevation above 
the horizon, or at its greatest depression under it. 
At the intermediate periods, when the moon is in 
the horizon, either rising or setting, she exercises 
no power capable of raising the sea ; a small contrary 
power tends even to make it fall. 

According to this system, at the place of the sea 
where the moon is in the zenith, its power has a 
tendency to raise the waters ; about six hours after, 
when she has reached the horizon, her power has 
a tendency to make them fall. Twelve hours and 
twenty-two minutes after, the moon being then at 
the point most distant under the horizon, she exer- 
cises the same power to raise the water ; and at the 
end of eighteen hours thirty-three minutes, when 
she has got to the opposite horizon, the waters are 
fatten; wt at length, twfenty*ftmr hours and forty- 
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five minutes from the first period, she returns to the 
zenith, raising the water as on the preceding day; 
and this is confirmed by uniform experience. 

This alternate elevation and depression of the- sea 
at intervals of six hours and eleven minutes, having 
such a perfect conformity with the moon, leaves us 
no room to doubt that the flux and reflux of the sea 
are caused by the attractive power of the moon. 

It is a remarkable circumstance that she acts 
equally on the sea, in raising it, whether she is at her 
greatest height above the horizon, or at the most 
distant point under it. This appeared at first very 
strange to philosophers, who imagined that the moon 
must produce under the horizon an effect contrary 
to that which she produces when in the zenith. But 
yon see clearly that the moon produces the same 
effect in these two diametrically opposite positions ; 
as I have demonstrated in the figure above referred 
to, that the effect of the moon is the same at A and 
atB. 

7th October, 1760. 



LETTER LXVL 
The same Subject continued. 

From what has been said respecting the flux and 
rejflux of the sea, you must be sensible that the sys- 
tem of Newton, which I have adopted, is directly 
contrary to that of Descartes. According to this 
last, the moon exercises a pressure, and the sea must 
subside at places situated directly under her: but, 
according to Newton, she acts by attraction, and 
forces the water to rise at these very places. 

Experience, then, must determine which of these 
two systems is to be received. No more is neces- 
sary than to consult the observations made with re- 
spect to the ocean, in order to see whether the water 



tu 



FLUX AND REFLUX 



rises or falls when the moon is in the zenith. Re- 
course has actually been had to this ; bat it is found 
that when the moon is at either the zenith or nadir 
of a given place, the water there is neither high nor 
low ; and that high water does not take place till 
some hours after the moon has passed the zenith. 

From this circumstance, persons who examine 
things superficially concluded at once that neither 
of the systems was admissible ; and the Cartesians 
have taken advantage from it, presuming, that if 
Newton's was rejected, that of Descartes must neces- 
sarily be adopted, though the observations referred 
to are as contrary to the system of Descartes as they 
appear to be to that of Newton. 

But the system of Descartes is overturned by this 
single phenomenon, that the sea is always in the 
same state after a period of twelve hours and 
twenty-two minutes, or that its state is always the 
same, whether the moon be above or below the 
horizon ; and it is impossible for its supporters to 
show how the moon, being over the heads of our an- 
tipodes, can produce the same effect as when she is 
over ours. For this purpose, see Fig. 35. 

Experience proves that the 3 ^ 
state of the water at A is the 
same, whether the moon be at 
M, the zenith of the point A, or 
at N, its nadir, which is conse- 
quently the zenith of the anti- 
podes at B. The effect of the 
moon, then, on the water at A, 
is the same in both cases. But 
if the moon acted by pressure, 
according to Descartes, it would 
follow that when the moon is at 
M, the water at A must fall ; and 
if she were at N, it is impossible 
that the water at A should undergo the 
PTOOsqro. 
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In the system of attraction, on the contrary, it is 
incontestably certain, that the action of the moon 
most be nearly the same whether that luminary be 
at M or at N ; and this is demonstrated by actual 
observation. 

I must here repeat a preceding explanation, be- 
cause it is a matter of the utmost importance. When 
the moon is at M, the point A is nearer it than the 
centre C ; it is therefore more powerfully attracted 
than the centre ; the point A will remove from the 
centre, consequently it will then rise ; the moon, 
being at M, has a tendency to raise the water at A. 
Let us now see what effect the moon, being at N, 
will produce, where she arrives in twelve hours and 
twenty-two minutes after she was at M. As the 
point A is more distant from the moon at N than the 
centre C, it will be more feebly attracted ; the cen- 
tre G will advance with greater velocity towards N 
than the point A ; the distance A will accordingly 
become greater ; the point A will therefore be 
more distant from the centre C. But to be more 
distant from the centre of the earth is to rise, con- 
sequently the moon, being at N, makes the point A 
to ascend, that is, she has a tendency to raise the 
water at A, as if the moon were at M. 

But here experience presents a very formidable 
objection ; for it is observed, that the moon being at 
M, or at N, the water is not then at its greatest ele- 
vation at A. This does not take place till a con- 
siderable time after, and thence some have been in- 
duced to reject this explanation altogether. But 
you will easily see that their decision is extremely 
precipitate. 

I have not said, that when the moon is at M or N, 
the water at A is at its greatest height ; I have only 
said, that the power of the moon has then a tendency 
to make the water rise. But the water at A could 
not rise unless its quantity were increased ; and that 
increase can be produced only by the flowing of the 
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water from other parte, some of them very distant. 
A considerable time, therefore, is requisite to the 
accumulation of a sufficient quantity or water ; it is, 
then, very natural to suppose that high water at A 
should not take place for some time after the moon 
has passed M or N. This observation, therefore, is 
so far from overturning our system, that it tends 
strongly to confirm it. 

There is no room to doubt that the power which 
has a tendency to raise the sea must precede its 
greatest elevation, nay, that a considerable time 
must intervene, us the water must flow thither from 
places very remote, that is, from places where the 
water must be low, while it is high at A. If the 
water has to pass through straits, or has its current 
otherwise obstructed, high water will be still more 
retarded; and if in the ocean it is high water at A 
two hours after the moon has passed M or N, it will 
not be at the height in narrow and bounded seas for 
three hours or more : and this perfectly agrees with 
daily observation. 

ilth October, 1760. 



LETTER LXVII. 

The same Subject continued. 

It . is no longer, then, a matter of doubt, that the 
flux and reflux of the sea is caused by the attractive 
power of the moon. But there remains one difficulty 
more to be removed : Why is the motion of the sea 
much more considerable at the time of new and full 
moon than at the quarters? If the moon were 
nearer the earth when she is new, or full, than 
when she is in her quarters, there would be no diffi- 
culty in the question, as her proximity would in- 
crease her power. But though the moon approaches 
the earth sometimes more, sometimes leas, the dtf» 
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fcrence is always too small to occasion a change so 
considerable in the flux and reflux of the sea. 

Besides, this difference is not regulated by the 
new and full moon; and it may happen that the 
moon, in the intermediate quarters, should be nearer 
to us than when she is new or full. We must have 
recourse, therefore, to another cause capable of in- 
creasing the flux and reflux of the sea at the new 
and full moon, and of diminishing it at the interme- 
diate quarters. 

The system of attraction shows us at first, that it 
is the action of the sun which, joined to that of the 
moon, furnishes a complete solution to all the phe- 
nomena presented to us by the flux and reflux of the 
tea. Indeed, all that I have said respecting the 
power which the moon exercises on the sea is 
equally applicable to the sun, whose attractive power 
acts likewise unequally on all the parts of the 
earth, according as they are more or less remote 
from him. The attraction of the sun is even much 
more intense than that of the moon, as it chiefly 
regulates the motion of the earth, and carries it 
round its orbit. 

As to the motion which he communicates to the 
sea, it depends on the inequality of that action, with 
relation to the different points of the surface of the 
earth, which are more or less attracted towards the 
sun than its centre — as I have already shown you, 
in explaining the effect of the moon. If all the parts 
of the earth were attracted equally, no change in 
their mutual situation would take place. But though 
the power of the sun be much greater than that of 
the moon, the inequality, with relation to different 
parts of the earth, is nevertheless smaller, on account 
of the great distance of the sun, which is 400 times 
. farther from us than the moon. The difference of 
the power with which the centre of the earth, and 
the points of its surface, are attracted towards the 
ion, is therefore very atuall; and from calculations 
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actually made, it is found to be three times less, 
nearly, than that of the moon upon these points. 
The attractive power of the sun alone, then, would 
•likewise be capable of causing the flux and reflux of 
the sea ; but it would be about three times less than 
that which is the effect of the combined influence of 
these two luminaries. 

It is evident, then, that the flux and reflux of the 
sea are produced by the power of both the sun and 
the moon, or that there are really two tides occa- 
sioned, the one by the moon, the other by the sun, 
and called the lunar tide and the solar tide. That 
of the moon, nearly three times greater, follows its 
motion, and frera one day to another is retarded 
three-quarters of an hour; that which follows the 
action of the sun would constantly correspond to 
the same hours of Hie day, if it existed alone, or if 
there were no moon. These two tides, the lunar 
and the solar, together produce the flux and reflux 
of the sea : but as the one and the other separately 
make the waters of the sea alternately to rise and 
fall, when it happens that these two causes con- 
jointly make the sea rise and fall, its flux and reflux 
become much more considerable ; but when the one 
tends to raise the sea, and the other to lower it, at 
the same place, when they act in contrary directions, 
the one will then be diminished by the other, and 
the lunar tide will be weakened by the solar. Ac- 
cording as these two tides assist or check each 
other, the flux and reflux will then be more or less 
considerable. 

Now, as at the time of new moon the sun and 
moon are in the same parts of the heavens, their 
effects being perfectly in unison, the flux and reflux 
must then be greatest, being equal to the sum of the 
two tides. This will equally take place at the time 
' of full moon, when the moon is opposite .to the sun, 
as we know that she produces the same effect, 
though «he be in a point of the heavens dkunetn- 
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cally opposite to the first. The flax and reflux 
must therefore be greater at new and full moon 
than at the first and last quarters. For then the 
power of the sun is exerted to lower the waters, and 
that of the moon to raise them. It is evident, there-' 
fore, that at these seasons the flux and reflux must 
be less considerable : and actual observation con- 
firms it. 

It might be still further demonstrated by calcula- 
tion, that the effect of the moon, or of the sun, is 
somewhat greater when these bodies are at the 
equator, or equally distant from the two poles of the 
globe: which happens at the time of the equinoxes, 
towards the end of the months of March and Septem- 
ber. It is found, too, that at that time the tides are 
strongest. It follows, beyond all doubt, then, that 
the tides, pr the flux and reflux of the sea, are 
caused by the attractive power of the moon and of 
the sun, inasmuch as these powers act unequally on 
the different parts of the sea. The happy explana- 
tion of this phenomenon, which had so dreadfully 
perplexed the ancients, is a complete confirmation 
of the system of attraction, or of universal gravita- 
tion, on which is founded the motion of all the 
heavenly bodies. 

14th October, 1760. 



LETTER LXVIII. 

More particular Account of the Dispuie'respecting 
Universal Gravitation. 

Having given you a general but exact idea of 
the powers which produce the principal phenomena 
of the universe, and on which are founded the 
motions of all the heavenly bodies, it is of import- 
ance to consider with more attention those powers 
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which are the principal points of the system of 
attraction. - 

It is supposed in this system, that all bodies mu- 
tually attract each other in the ratio of their mass, 
and relatively to their distance, in conformity to a 
law already explained. The satisfactory manner in 
which most of the phenomena in nature are ac- 
counted for proves that this supposition is founded 
in truth ; and that the attraction which different 
bodies exercise upon each other may be considered 
as a most undoubted fact. It now remains that we 
inquire into the cause of these attractive powers ; 
but this research belongs rather to the province of 
metaphysics than of mathematics. I dare not 
therefore flatter myself with the prospect of abso- 
lute success in the prosecution of it. 

As it is certain that any two bodies whatever are 
attracted to each other, the question is, What is the 
cause of this attraction ? On this point philosophers 
are divided. The English maintain that attraction 
is a property essential to all the bodies in nature, 
and that these bodies, hurried along by an irresist- 
ible propensity, tend mutually to approach, as if they 
were impelled by feeling. 

Other philosophers consider this opinion as ab- 
surd, and contrary to the principles of a rational 
philosophy. They do not deny the fact : they even 
admit that powers exist which are the causes of the 
reciprocal tendency of bodies towards each other: 
but they maintain, that they are foreign to the bodies ; 
that they belong to the ether, or the subtile matter 
which surrounds them, and that bodies may be put 
in motion by the ether, just as we see that a body 
plunged into a fluid receives several impressions 
from it. Thus, according to the first, the cause of 
the attraction resides in the bodies themselves, and 
is essential to their nature ; and according to the 
last, it is out of the bodies, and in the fluid which 
surrounds them. In this case, the term attraction 
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would be improper; and we must rather say that 
bodies are impelled towards each other. But as the 
effect is the same whether two bodies are recipro- 
cally impelled or attracted, the word attraction 
need not give offence, provided it is not pretended 
by that term to determine the nature itself of the 
cause. 

To avoid all confusion which might result from 
this mode of expression, it ought rather to be said 
that bodies move as if they mutually attracted each 
other. This would not decide whether the powers 
which act on bodies reside in the bodies themselves 
or out of them ; and this manner of speaking might 
thus suit both parties. Let us confine ourselves to 
the bodies which we meet with on the surface of 
the earth. 

Every one readily admits, that all these would 
fall downwards,, unless they were supported. Now, 
the question turns on the real cause of this fall. 
Some say that it is the earth which attracts these 
bodies, by an inherent power natural to it ; others, 
that it is the ether, or some other subtile or invisible 
matter, which impels the body downwards : so that 
the effect is, nevertheless, the same in both cases. 
This last opinion is most satisfactory to those who 
are fond of clear principles in philosophy, as they 
do not see how two bodies at a distance can act 
upon each other, if there be nothing between them. 
The otheirs have recourse to the diviue Omnipotence, 
and maintain that God has endowed all bodies with 
a power of mutual attraction. 

Though it be dangerous to venture on a dispute 
concerning the limits of Divine power, it is never- 
theless certain that if attraction were an immediate 
work of that power, without being founded in the na- 
ture of bodies, this would be the same thing as say- 
ing that God immediately impels bodies towards each 
other, and this would amount to a perpetual miracle. 

Let us suppose that before the creation of the 
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world God had created only two bodies, at a dis- 
tance from each other ; that nothing absolutely ex- 
isted out of them, and that they were in a state of 
rest ; would it be possible for the one to approach 
the other, or that they should have a propensity to 
approach! How could the one feel the other at a 
distance? Whence could arise the desire of ap- 
proaching! These are perplexing questions. But 
if you suppose that the intermediate space is filled 
With a subtile matter, we can comprehend at once 
that this matter may act upon the bodies, by impel- 
ling them : the effect would be the same as if tney 
possessed a power of mutual attraction. 

Now, as we know that the whole space which 
separates the heavenly bodies is filled with a subtile 
matter, called ether, it seems more reasonable to as- 
cribe the mutual attraction of bodies to an action 
which the ether exercises upon them, though its 
manner of acting may be unknown to us, rather than 
to have recourse to an unintelligible property. 

Ancient philosophers satisfied themselves, with 
explaining the phenomena of nature from qualities 
which they called occult, saying, for example, that 
opium causes sleep, from an occult quality, which 
disposes it to procure sleep. This was saying just 
nothing, or rather was an attempt to conceal igno- 
rance. We ought, therefore, likewise to consider 
attraction as an occult quality, in as far as it is given 
for a property essential to bodies. But as the idea 
of all occult qualities is now banished from philoso- 
phy, attraction ought not to be considered in this 
sense.* 

18th October, 1760. « 

* The reasoning of tbe teamed author in this Letter is obviously *mj 
deficient in cogency or point. The quality, or modus operandi* of as 
ether in bringing the two bodies together, appears to be as occult as the 
quality of attraction. It id difficult to perceive why a circumambient etbsi 
should have a greater tendency to bring two bodies together than it hM 
to separate them, or why its effect should be similar to attraction as/ 
Bore than to repulsion.— 4 wi. Ed. . 
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LETTER LXIX* 

Nature and Essence of Bodies ; or Extension, Mobility , 
and Impenetrability of Body* 

TffE metaphysical disquisition, Whether bodies 
may be endowed with an interna] power of attract- 
ing each other, without being impelled by an exter- 
nal force, cannot be terminated till we have exam- 
iaed more particularly the nature of body in gene- 
ral* As this subject is of the last importance, not 
only in mathematics and physics, but in every branch 
of philosophy, you must permit me to go into a more 
particular detail of it. 

First, it is asked, What is body t However absurd 
this question may appear, as no one is ignorant of 
the difference between what is body and what is 
not, it is, however, difficult to ascertain the real 
characters which constitute the nature of bodies. 
The Cartesians say it consists in extension, and that 
whatever is extended is a body. They clearly un- 
derstand that extension has in this case three dim en- 
vious, and that a single dimension, or extension in 
length only, gives only a line ; and that two dimen- 
sions, length and breadth, form only a surface, which 
still is not a body. To constitute a body, therefore, 
we must have three dimensions, and every body 
must have length, breadth, and depth or thickness ; 
in other words, an extension in three dimensions. 

But it is asked, at the same time, if every thing 
which has extension is a body. This must be the 
case if the definition of Descartes be just* The idea 
which the vulgar form of spectres contains exten- 
sion ; it is, however, deniea that they are bodies. 
Though this idea be purely imaginary, it serves to 
prove, however, that something may have extension 
without being a body. Besides, the idea which vra 
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have of space contains, undoubtedly, an extension 
with three dimensions. It is admitted, nevertheless, 
that space alone is not a body; it only furnishes the 
place which bodies occupy and fill. 

Let us suppose that all those things which are at 
present in my apartment, air and every thing, were 
annihilated by the divine Omnipotence, there would 
remain still in the apartment the same length, 
breadth, and height, but without a body in it. Here, 
then, is the possibility of an extension that shall 
not be a body. Such a space, without body in it, is 
called a vacuum ; a vacuum, then, is extension with- 
out body. 

It may likewise be said, according to the vulgar 
superstition, that a spectre has extension, but that 
body or corporality is wanting to it. It is clear, 
then, that extension is not sufficient to constitute a 
body,— that something more is necessary ; hence it 
follows that the definition of the Cartesians is not 
exact. But what more is necessary, besides exten- 
sion, to constitute a body ? The answer is, mobil- 
ity, or the possibility of being put in motion ; for, 
though a body be at rest, whatever may be the causes 
which preserve it in that state, it would, however, be 
possible to move it, provided the powers applied to 
it were sufficient. By this, space is excluded from 
the class of bodies, as we see that space, which 
only serves to receive bodies, remains immoveable, 
whatever motion the bodies that it contain may 
have: 

It is likewise said that, by the help of motion, 
bodies are transported from one place to another ; 
by which we are given to understand that the places 
and space remain unchangeable. My apartment, 
however, with the vacuum which I have above sup- 
posed, might undoubtedly be moved, and actually is 
so, as it follows the motion which carries round the 
earth itself; here, then, is a vacuum in motion, with- 
oui being a body. The vulgar superstition, too, be- 
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stows motion on spectres ; and this is sufficient to 
prove that the power of being moved and extension 
alone do not constitute the nature of bodies. Some- 
thing more is wanting; there must be matter to con- 
stitute a body, or rather, it is this which distinguishes 
a real body from simple extension, or from a spectre. 

Here, then, we are reduced to explain what is to 
be understood by the term matter, without which ex- 
tension cannot be body. Now, the signification of 
these two terms is so much the same, that all body 
is matter, and all matter is body ; so that even now 
we have made no great progsess. We easily dis- 
cover, however, a general character, inseparable 
from all matter, and consequently pertaining to all 
bodies ; it is impenetrability, the impossibility of being 
penetrated by other bodies, or the impossibility that 
two bodies should occupy the same place at once. 
In truth, impenetrability is what a vacuum wants in 
order to be a body. 

It will perhaps be objected, that the hand may be 
easily moved through air and through water, which 
are nevertheless acknowledged bodies ; these, then, 
must be penetrable bodies, and consequently impene- 
trability is not an inherent character of all bodies. 
But it is worthy of remark, that when you plunge 
your hand into water, the particles of the water 
make way for your hand, and that there is no water 
in the space which your hand occupies. If the 
hand could move through the water while that fluid 
did not make room for it, but remained in the place 
which the hand occupied, then it would be penetra- 
ble ; but it is evident this is not the case. Bodies, 
then, are impenetrable ■: a body, therefore, always 
excludes from the place which it occupies every 
other body ; and as soon as a body enters into any 
place, it is absolutely necessary that the body which 
-occupied it before should leave it. This is the sense 1 
<wfcdch we must affix to the term impenetrability. 

91* October, 1760. 
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LETTER LXX 
Impenetrability of Bodies. 

The instance of a spunge will perhaps be pro> 
doced as an objection to the impenetrability of 
bodies, which plunged into water appears completer/ 
penetrated by it. Bat the particles of the spunge 
are very far from being so, in such a manner as that 
one particle of the water should occupy the same 
place with one particle of the spunge. We know 
that spunge is a very porous body ; and that before 
it is put into the water its pores are filled with air; 
as soon as the water enters into the pores of the 
spunge the air is expelled, and disengages itself 
under the form of little bubbles ; so that in this case 
no penetration takes place, neither of the air by the 
water, nor of the water by the air, as this last always 
makes its escape from the place into which the 
water enters. 

It is, then, a general and essential property of all 
bodies to be impenetrable; and consequently the 
justness of this definition must be admitted, that a 
body is an impenetrable extension} as not only all 
bodies are extended and impenetrable, but likewise 
reciprocally, as that which is at the same time ex* 
tended and impenetrable is beyond contradiction 8 
body. Vacuum is accordingly excluded from the 
class of bodies ; for though it has extension, it wants 
impenetrability; and wherever we meet with a 
vacuum, there bodies may be introduced without 
thrusting any thing out of its place. 

We must attempt to remove another difficulty 
raised against the impenetrability of bodies. There 
are, say the objectors, bodies which admit of com* 
praation into a smaller space : as,forexamj>ie, wool. 
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and especially air, which it is possible to reduce 
into a spaqe a thousand times smaller than what it 
occupies. It appears, then, that the different parti- 
cles of air are reduced in the same place, and that 
consequently they mutually penetrate. 

There is, however, nothing in this ; for the air 
too is a body or a substance full of empty pores, or 
filled with that fluid, incomparably more subtile, 
which we call ether. In the first case no penetration 
will ensue, as the particles of air only approach 
nearer to each other according as the vacuum is 
diminished ; and in the other case, the ether finds a 
sufficiency of small passages by which to escape as 
the particles of the air approach each other, but all 
the while without any mutual penetration. For this 
reason it is necessary to employ a greater force 
when we want to compress the air more ; and if the 
air were compressed to Such a degree that its mi- 
nute particles touched each other, we could not 
carry the compression farther, because, were it pos- 
sible, the minute particles of the air must mutually 
penetrate. 

It is, then, a necessary and fundamental law in 
nature, that no two bodies can penetrate each other, 
or occupy Jthe same place at once ; and it is in con- 
formity to this principle that we must look for the 
real source of all the motions which we observe in 
all bodies and of the changes which befall them. 
As two bodies cannot continue their motion without 
penetrating each other, it is absolutely necessary 
that the one should give place to the other. If, then, 
two bodies are moving in the same line, the one to 
the left, the other to the right, as it frequently hap- 
pens at billiards, if each were to continue its mo- 
tion they must mutually penetrate ; but this being 
impossible, as soon as they come to touch a shock 
takes place, by which the motion of each body is 
almost instantly changed; and this shock is pro* 
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duced in nature only to prevent penetration. Hie 
motion of each body is precisely changed no further 
than is necessary to prevent all penetration ; and in 
this consists the real cause of all the changes' which 
happen in the world. 

when all these changes are attentively considered, 
they are found always to take place in order to pre- 
vent some penetration, which without these changes 
must have ensued. At the moment I am writing, I 
observe that if the paper were penetrable, the pen 
would pass freely into it without writing ; but as the 
paper sustains the pressure of my ' pen moistened 
with ink, it receives from it some particles which 
form these letters, which could not happen if bodies 
penetrated each other. 

This property of all bodies, known by the term 
impenetrability, is then not only of the last importance 
relatively to every branch of human knowledge, but 
we may consider it as the master-spring which na- 
ture sets- a-going in order to produce all her won* 
ders. It merits, then, an attentive examination, in 
order that we may be enabled to explain more clearly 
the nature of bodies, and the principles of every 
species of movement commonly called laws of 
motion. 

25th October, 1760. 



LETTER LXXI. 

Of the Motion of Bodies, real and apparent. 

Ayx bodies are at rest or in motion. However 
evident this distinction may be, it is almost impos- 
sible to judge whether a body is in the one state or 
in the other. The paper which I see on my table 
seems to me really at rest ; but when I reflect that 
the whole earth is moving with that astonishing 
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velocity which I explained in a former Letter,* my 
house, my table, and the paper must absolutely be 
carried along with the same rapidity. Thus every 
thing that seems to be at rest has in reality the same" 
motion as the earth. 



of rest; the one absolute, the other apparent. Ab- 
solute rest takes place when a body remains con- 
stantly in the same place, not with relation to the 
earth, but with Telation to the universe. If the fixed 
stars remained always in the same place of the uni- 
verse, they would be at rest, though they seem to 
move very rapidly ; but as we are not certain of it, 
we must not pretend to affirm that the fixed stars 
are in a state of absolute rest. 

A body is said to be in a state of apparent rest 
when it preserves the same situation on the earth. 
It is likewise to be presumed that these terms, rest 
and motion, have been introduced into language to 
mark rather appearances than truth; and in this 
sense I affirm, without hesitation, that my table is at 
rest as well as the whole earth ; and that the sun 
and the fixed stars are in motion, and that a very 
rapid motion, although they are really at rest. We 
should, therefore, be ascribing strange and purely 
metaphysical ideas to these expressions, if we un- 
derstood by them absolute rest or motion ; and it is 
absurd to employ, as some persons do, passages of 
the Holy Scriptures to prove that the earth is at 
rest, and the sun in motion. 

Language is formed for general use, and philoso- 
phers are under the necessity of forming a particular 
language for themselves. As we are incapable to 
Judge of absolute rest, it is very natural for us to 
consider those bodies as at rest which preserve the 
same situation relatively to the earth, as it is very 
probable the inhabitants of other planets likewise 
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form their judgment of rest from the same situation 
relatively to their respective planet. 

We observe, that navigators consider as at rest 
the objects which preserve the same situation rela- 
tively to their vessel, and that the coasts which they 
discover appear to them to be in motion ; and no one 
thinks of finding fault with their using the common 
modes of expression. There is, therefore, a great 
difference between rest and motion, real or absolute, 
and between rest and motion apparent, or relative to 
a body, considered at the time as in a state of rest, 
though perhaps it may be in motion. The principles 
or laws of motion refer chiefly to the absolute state 
of bodies, that is, to their rest or motion, real or 
absolute. In order to discover these laws, we begin 
with considering a body singly and abstractedly from 
all others. 

This hypothesis, though it never can take place, is 
in reality very proper to assist us in distinguishing 
what is operated by the nature of body itself, from 
that which other bodies are capable of operating 
upon it. 

Let a body then be alone, and at rest ; it may be 
asked, Will it continue at rest, or will it begin to 
move \ As there is no reason which should incline 
it to move to one side rather than to another, it is 
concluded that it would remain always at rest. The 
same thing must happen on the supposition of the 
existence of other bodies, provided they do not ac 
on the body in question ; hence results this funds 
mental law : When a body is once in a state of res 
and nothing external acts upon it, it will remain alwai 
in that state : and if it begin to move, the cause of m 
Hon would be out of it, so that there is nothing in i 
body itself which is capable of putting it in rnoti 
When, therefore, we see a body which has been 
rest begin to move, we may rest assured that f 
motion has been occasioned by an exterior pov 
as there is nothing in the body itself capable of 
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ting it in motion ; and if it were alone, and cut off 
from all communication with other bodies, it would 
remain always at rest. 

However well founded this law may be, and how- 
ever entitled to rank with geometrical truths, there 
are persons little accustomed to profound investiga- 
tion who pretend that it is contradicted by expe- 
rience. They allege the example of a thread to which 
a stone is appended ; the stone is at rest, but falls 
the moment that the thread is cut. It is certain, 
say they, that the action by which the thread is cut 
is not capable of making the stone move ; the stone, 
therefore, must fall by a power which is proper to 
itself, and internal. 

The fact is certain ; but it is evident, at the same 
time, that gravity is the cause of the descent, and 
not an internal power in the stone. 

They say, further, that gravity may be an intrinsic 
power, attached to the nature of the stone; on 
which it must be remarked, that gravity is produced 
either by a subtile matter or by the attraction of the 
earth. In the first case, it certainly is that, subtile 
matter which causes the descent of the stone ; in 
the second, which appears favourable to our oppo- 
nents, it can with no propriety be affirmed that the 
stone descends by an intrinsic power ; it is rather 
the earth which contains the cause of it, and which 
produces the descent of the stone by its attractive 
power ; for if the earth did not exist, or were deprived 
of its attractive power, they admit that the stone 
would not descend. 

It is certain, therefore, that the cause of the de- 
scent does not reside in the stone itself: the cause 
then is always extrinsic, whether, it be in the subtile 
matter or m the earth, supposing it to be endowed 
with an attractive power, as the partisans of attrac- 
tion pretend. This difficulty being removed, the law 
which I have laid down subsists in full force— namely, 
that a body, once at rest, will always remain. &o,m» 
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less it be put in motion by some foreign cause. This 
law must take place, provided the. body has been at 
rest but a single instant, though it was in motion im- 
mediately before ; and when once reduced to g state 
of rest, it will always preserve that state, unless some 
foreign cause intervener to put it again in motion. 
This principle being the foundation of all mechanics, 
it was necessary for me to establish it With all pos- 
sible precision. 
28th October, 1760. 



LETTER LXXIL 
Of Uniform, Accelerated, and Retarded Motion. 

I return to the case of a body placed m such 8 
manner as to have no connexion with any other. 
Let us suppose it to have received some motion, 
from whatever cause; it remains that we inquire, 
What will afterward happen to it t Will it continue 
to move % or will it suddenly return to a state of 
rest ; or after some time 1 You must be sensible, 
that this is an inquiry of some importance, and- that 
all our researches respecting the motion of bodies 
depend upon it. Let us examine if, by means of 
reasoning, we are able to resolve it. 

A body is at rest as long as it and all its parts 
remain in the same* place ; and it is in motion when 
that body, or some of its parts only, pass from one 
place to another. Now, there are two things to be 
considered in motion, the direction and the velocity. 
The direction is the place towards which the body 
is carried, and the velocity is the space, greater or 
less, through which it moves in a certain time. I 
am persuaded you have already juster ideas of this 
than I could communicate by the most ample expla- 
nation. I remark only, that as long as a body pre- 
serves the same direction, it moves in a straight fin* 
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—and reciprocally, as long as a body moves in a 
straight line, it preserves the same direction; but 
when it moves in a curve, it is continually changing 
its position. 

If a body, then, Fig. 36, moves in the curve ABC; 
Fig. 36. 




when it is at A, its direction is the small line A a ; 
when it is at B, its direction is the small line B 4; 
and at C, the small line C c. Let these small lines 
be produced ; the continuations of which are marked 
by the straight dotted lines A L, B M, C N ; and it 
will be affirmed, that when the body passes through 
A, its direction is the straight line A L, because, if 
the body preserved the same direction which it had 
at A, it would move in the straight line A L. It is 
evident, then, that it moves in the curve only in so 
far as it is continually changing its direction. And 
when it arrives at B and at C, the direction from 
which it deviates is expressed by the straight lines 
BMandCN. 

A body preserves the same velocity in its motion 
si long as it moves through equal spaces in equal 
times. This motion is called uniform. Thus, for 
example, if a body moves in such a manner as always 
to proceed ten feet during every second, we call tfi& 
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motion uniform. If another body proceeds twenty 
feet in a second, its motion too would be uniform, 
but its velocity would be twice as great as .that of 
the preceding. 

From what I have just said of the uniformity of 
motion, it is easy to comprehend what is not uniform 
motion ; for when the Telocity of a body is not equal, 
its motion is not uniform. When the velocity of a 
body goes on increasing, its motion is said to be 
accelerated; and when it is continually diminishing, 
we say it is retarded. In this last case, the velocity 
may come to be retarded to such a degree that the 
body shall at length come to a state of rest. 

Having made these remarks on the velocity and 
direction of moving bodies, I return to the case of a 
solitary body, which I suppose to be put in motion 
by any cause whatever. • As soon as it has begun to 
move, it must have acquired a certain direction, and 
a certain velocity : ana the question is, Will it after- 
ward preserve the same direction and the same 
velocity ; or will it undergo some alteration t We 
cannot affirm that it will be reduced to a state of rest 
in an instant, for in this case it could not have had 
any motion^ all motion supposing duration, however 
short. Now, as long as tne motion lasts, it is cer- 
tain that the direction will remain the same. 

In truth, it is impossible to conceive why the bod- 
should go out of its road, to one side rather than t 
another ; and as nothing comes to pass without re; 
son, it follows that the body in question will alwa; 
persevere in the same direction, or that its moti* 
will proceed in a straight line, which is a great st 
made towards the decision of the question. 

It is likewise maintained that the velocity of ' 
bbdy of which I speak cannot change, for in t 
case it must either increase or diminish: and 
reason can be assigned capable of producing 
change. Hence it is concluded, that this body 
always continue to move with the same vela 
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and in the same direction, or that it will proceed 
continually in the direction of a straight line, with- 
out ever deviating from it, and always with equal 
speed. This motion will be performed, then, al wayB 
in a straight line, and with an equal velocity, without 
ever being slackened or retarded ; the body, there- 
fore, will never be reduced to a state of rest. 

What has been said of a body, which I have sup- 
posed solitary, would happen in like manner to our 

gobe, if no other bodies had any influence upon it ; 
r then it would be the same thing as if they did not 
exist. The question, then, is resolved. A body in 
motion will always preserve it in the same direction, 
and with the same velocity, unless some external 
cause interpose capable of altering its motion. . So 
long, therefore, as a body is not subject to the action 
of some external cause, it will remain at rest, if. it 
has once been in a state of rest ; or will be moved 
in the direction of a straight line, and always with 
the same velocity, if it has once been put in motion ; 
and this is the first and principal law of nature, on 
which the whole science of motion must be founded. 

From it we deduce at once this conclusion, that as 
often as we see a body which was at rest put in 
motion, or a body moving in a curve line, or whose 
velocity changes, it is certain that an external cause 
acts upon it. No change can possibly take place 
either as to direction or velocity, but what is the 
operation of a foreign cause. 
* 1st November, 1760. 

LETTER LXXIII. 

Principal Law of Motion and Rest. Disputes of PM 
losophers on the Subject. 

With whatever solidity this principle is estab- 
lished, that every body put in motion contusm \* 
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move in the same direction, and with the same ve- 
locity, unless some exterior cause interpose to de- 
range this motion — it has nevertheless been com- 
bated by certain philosophers, who have never made 
any great progress in the science of motion ; while 
those to whom we are indebted for all the great 
discoveries which have been made in this science 
unanimously agree, that all their researches have 

Eroceeded entirely on this principle. It is attacked 
y two sects of philosophers, whose objections I 
proceed to propose, and shall endeavour to refute. 

It is alleged by the one, That all bodies have a 
propensity to rest, which is their natural state, and 
that motion is to them a state of violence ; so that 
when a body is put in motion, it has a tendency from 
its very nature to return to the state of rest ; and 
that it makes every effort to destroy its motion, in- 
dependently of. every external or foreign cause. 
They allege, in proof, experience so convincing, 
according to them, that we know of no motion in 
nature that does not very sensibly betray this reluc- 
tance. Do we not see, say they, on the billiard-table, 
that with whatever force we strike a ball, its motion 
is quickly slackened, and it soon returns to a state 
of rest. As soon as the motion of a clock ceases to 
be kept up by the external force which set it a-going, 
it stops. It is remarked of all machines in general, 
that their motion lasts no longer than the external 
powers by which they are agitated. Hence they 
conclude, that a body put in motion is so far from 
preserving »t from any thing in its own nature, that, 
on the contrary, an external force must be employed 
to keep it up 

You must be sensible, that if this conclusion is just, 
our principle is completely subverted ; as, in virtue 
of this principle, the ball and the machines in ques- 
tion, once put in motion, must always preserve the 
same, unless external causes have occasioned some 
change in it Thus, in the experiments referred td, 
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had there beeh no external cause which tended to 
destroy the motion, we should have been under the 
necessity of abandoning our principle. 

But if we attend to every thing, we shall find so 
many obstacles opposed to the motion, that we need 
no longer wonder it should be so speedily extin- 
guished. In fact, it is first the friction on the billiard- 
table which diminishes the motion of the ball, for it 
cannot advance without rubbing against the cloth. 
Again, the air, being a substance, causes likewise a 
resistance capable of diminishing the motion of 
bodies. To be convinced of this, you have only 
to move your hand rapidly through the air. It is 
evident, then, that in the case of the billiard-table, 
it is the friction and the resistance of the air which 
counteract the motion of the ball, and soon reduce 
it to a state of rest. 

Now, these causes are external, and it is easily 
comprehensible, that but for these obstacles the 
motion of the ball must have always continued. The 
same reasoning is applicable to machines of all 
kinds, in which the friction which acts on the dif- 
ferent parts is so considerable, that it is visibly a 
very sufficient cause of soon reducing the machine 
to rest. 

Having, then, discovered the real causes which 
produce, in the cases alleged, the extinction of mo- 
tion, and that these causes are external, and not re- 
sident in the moving body, it is evidently false, that 
bodies have in their nature a propensity to rest. Our 
principle, therefore, subsists in full force, and even 
acquires additional strength from the preceding ob- 
jections. Every body, then, always preserves the 
motion which it has once received, unless foreign 
causes interpose to change the direction, or the veto- 
city, or both at once. And thus we have got rid of 
one phalanx of the adversaries who combat out prin- 
ciple. 



other is more formidable, for they are no ta& 
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than the celebrated Wolffian philosophers. They do 
not indeed openly declare against our principle, nay 
they even express much respect for it ; but they ad- 
vance others which directly oppose it. 

They maintain, that all bodies, in virtue of their 
nature, are making continual efforts to change their 
state ; that is, when they are at rest, they make an 
effort to move ; and, if they are in motion, make con- 
tinual efforts to change their velocity and direction. 
They allege nothing in proof of this assertion, except 
certain crude reasonings, drawn from their system of 
metaphysics, which I shall hereafter take occasion to 
lay before you. I only remark, at present, that this 
opinion is contradicted by the principle which we 
have so firmly established ; and by experience, which 
is in perfect conformity with it. 

In fact, if it be true that a body at rest remains, 
in virtue of its nature, in that state, it must be un- 
doubtedly false that it should make, in virtue of its 
nature, continual efforts to change its state. And if 
it be true that a body in motion preserves, in virtue 
of its nature, this motion^ in the same direction, and 
with the same velocity, it is impossible that the same 
body should, in virtue of its nature, be making con- 
tinual efforts to change its motion. 

These philosophers, in attempting to maintain, at 
the same time, the true principle of motion, and their 
own absurd opinion, have fallen into self-contradic- 
tion, and thereby subverted their own system. It is 
therefore placed beyond the reach of dispute, that 
our principle is founded in the very nature of body, 
and that whatever is contrary to it ought to be 
banished from sound philosophy : and this same prin- 
ciple enables us to clear it of certain subtilties in 
which it has been involved. 

This principle is commonly expressed in the two 
following propositions: First, A body once at wt 
will remain eternally at rest, unless it be put in motion hf 
same external or foreign cause: Secondly, A bodpm* 
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m motion will preserve it eternally, tn the same direc- 
tion, and with the same velocity ; or will proceed with a 
uniform motion, in a straight line, unless it is disturbed 
by some external or foreign cause. In these two propo- 
sitions consists the foundation of the whole science 
of motion called mechanics, 
4tk November, 1760. 



LETTER LXXIV. 
Of the Inertia of Bodies : Of Powers. 

As we say that a body, so long as it is at rest, re- 
mains in the same state, so we likewise say of a 
body in motion, that as long as it moves in the same 
direction, and with the same velocity, it remains in 
the same state. To continue in the same state, then, 
signifies nothing more than to remain at rest, or to 
preserve the same motion. 

This manner of speaking has been introduced for 
the purpose of expressing more succinctly our grand 
principle, that every body, in virtue of its nature, 
preserves itself in the same state till an extraneous 
cause come to disturb it — that is, to put the body in 
motion when at rest, or to derange its motion. 

It must not be imagined that a body, in order to 
preserve the same state, must remain in the same 
place ; this, indeed, is the case when the body is at 
rest ; but when it moves with the same velocity, and 
in the same direction, we say, equally, that it con- 
tinues in the same state, though it is every instant 
changing its place. It was necessary to make this 
remark, to prevent the possibility of confounding 
change of place with that of state. If it be now 
asked, Why bodies continue in the same state ? the 
answer must be, that this is in virtue of their pecu- 
liar nature. 

All bodies, in as far as they are composed of mak 
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tor, have the property of remaining in the same 
state, if they are not drawn out of it by some exter- 
nal cause. This, then, is a property founded on 
the nature of bodies, by which they endeavour to 
preserve themselves in the same state, whether of 
rest or motion. This quality, with "which all bodies 
are endowed, and which is essential to them, is called 
inertia, and it enters as necessarily into their consti- 
tution as extension and impenetrability — to such a 
depree, that it would be impossible for a body to 
exist, divested of this inertia. 

This term was first introduced into philosophy by 
those who maintained that all bodies have a propen- 
sity to rest. They considered bodies as somewhat 
resembling indolent persons, who prefer rest to ex- 
ertion, and ascribed to bodies an aversion to motion, 
similar to that which sluggards have for labour ; the 
term inertia signifying nearly the same thing as slug- 
gishness. But though the falseness of this opinion 
has been since detected, and though it is certain that 
bodies remain equally hi their state of motion as in 
that of rest, yet the term inertia has been still re- 
tained, to denote in general the property of all bodies 
to continue in the same state, whether of rest or of 
motion. 

The exact idea of inertia, therefore, is a repug- 
nance to every thing that has a tendency to change 
the state of bodies ; for as a body, m virtue of its 
nature, preserves the same state of motion, or of rest, 
and cannot be drawn out of it but by external causes, 
it follows, that in order to a body's changing its 
state, it must be forced out of it by some external 
cause ; without which it would always continue in 
the same state. . Hence it is that we give to this 
external cause the name of power or force. It is a 
term in common use, though many by whom it is 
employed have but a very imperfect idea of it. 

From what I have just said, you will see that the 
word force signifies every thing that is capable of 
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Changing the state of bodies. Thus, when a body 
which has been at rest is put in motion, it is a force 
which produces this effect ; and when a body in mo- 
tion changes its direction, or velocity, it is likewise 
a force which produces this change. Every change 
of direction, or of velocity, in the motion of a body 
requires either an increase or a diminution of force. 
Such force, therefore, is always out of the body 
whose state is changed ; for we have seen, that a 
body left to itself preserves always the same state, 
unless a force from without acts upon it. 

Now, the inertia by which a body tends to preserve 
itself in the same state exists in the body itself, and 
is an essential property of it ; when, therefore, as 
external force changes the state of any body, thfr 
inertia which would maintain it in the same state 
opposes itself to the action of that force ; and hence 
we comprehend, that the inertia is a quality suscep- 
tible of measurement, or that the inertia of one 
body may be greater or less than that of another 
body. 

But bodies are endowed with this inertia in as far 
as they contain matter, It is even by the inertia, 
or the resistance which they oppose to every change 
of state, that we judge of the quantity of a body \ 
inertia of a body, accordingly, is greater in proper- 
lion tti the quantity of matter which it contains. 
Hence we conclude, that it requires a greater force 
to change the state of a great body, than that of a 
small one ; and we go on to conclude, that the great 
body contains more matter than the small one* It 
may even be affirmed that this single circumstance, 
the inertia, renders matter sensible to us. 

It is evident, then, that the inertia is susceptible 
of measurement, and that is the same with the 
quantity of matter which a body contains ; as we de- 
nominate likewise the quantity of matter in a body 
its mass, the measure of the inertia is the same a* 
thai of the mass 
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To this, then, is reduced our knowledge of bodies 
in general. First, we know that all bodies have an 
extension of three dimensions ; secondly, that they 
are impenetrable ; and hence results their general 
property, known by the name of inertia, by which 
they preserve themselves in their state ; that is, 
when a body is at rest, by its inertia it remains so ; 
and when it is in motion, it is likewise by its inertia 
that it continues to move with the same velocity, 
and in the same direction ; and this preservation of 
the same state lasts till some external cause inter- 
pose to produce change in it. As often as the state 
of a body changes, we must never look for the cause 
of snch change in the body itself; it exists always 
out of the body, and this is the just idea which we 
must form of a power or force. 

8th November, 1760. 

LETTER LXXV. 
Changes which may take place in the State of Bodies. 

Ths fundamental principle of mechanics, with the 
idea of inertia which I have endeavoured to explain, 
enables us to reason on solid ground respecting va- 
rious phenomena presented to us ia nature. On 
seeing a body in motion, which should proceed uni- 
formly in a straight line, that is, which should pre- 
serve the same direction, and the same velocity, 
we would say, that the cause of this continuation of 
motion is not to be found out of the body, but that 
it is founded in its very nature, and that, in virtue 
of its inertia, it remains always in the same state ; 
as we would say, were the body at rest, that this 
took place in virtue of its inertia. 

We would likewise be right in saying that this 
body undergoes no action from any external cause ; 
or, if any such existed, that these powers l^ecipco- 
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cally destroyed each other in such a manner that 
the body is in the state in which it would he if no 
force acted upon it. 

-If it is asked, then, Why the body continues to 
move in this manner ? the answer is obvious. But 
if it is asked, Why this body has begun thus to 
move? the question is totally different. It must 
be said, that this motion has been impressed upon it 
by some external force, if it was before at rest ; but 
it would be impossible to affirm any thing with cer- 
tainty respecting the quantity of that force, because, 
perhaps, no traces of it remain. It is therefore abun- 
dantly ridiculous to ask, Who impressed motion 
en every body at the beginning of the world ? or. 
Who was the prime mover 1 Those who put the 
question admit, then, a beginning, and consequently 
a creation ; but they imagine that God created all 
bodies at rest. Now, it may be answered, That he 
who could create bodies could impress motion upon 
them. I ask them in my turn, If they believe it to 
be more easy to create a body at rest than in mo- 
tion t They both equally require the omnipotence 
of God ; and this question belongs not to the province 

ilut wheiPa body has once received motion, it 
preserves that motion by its own nature, or by its 
inertia, in the same state in which it must constantly 
remain, until a force, or some foreign cause, oppose 
an obstacle to it. As often, then, as we observe that 
a body does not remain in the same state, that a 
body at rest begins to move, or that a body in mo 
tion changes its direction or velocity, we must 
admit that this change has its cause out of the body, 
and that it is occasioned by a foreign force. Thus, 
as a stone left to itself descends, the cause of that 
descent is foreign to the body ; and it is not from its 
own nature that the body descends, but from the ef- 
fect of a foreign cause, to which we give the name 




ol. I.— Y 



204 



CHANGES IN THE 



Gravity, then, is not an intrinsic property of 1 
It is rather the effect of a foreign force, the 84 
of which must be sought for out of the body.* 
jb geometrically true, though we know not the fc 
forces which occasion gravity. It is the same ' 
we throw a stone. We see clearly that it doc 
follow in its motion the direction of a straight 
and that its velocity does not always continu 
same. It is gravity, likewise, which change* 
direction of the velocity of the body ; but for i 
stone would describe a straight line in the ail 
proceed forward with the same velocity ; and 
gravity to be suddenly annihilated during the m 
of the stone, it would continue to move in a star 
Jrae, and would preserve the same direction, an 
same velocity which it had at the instant when 
ty ceased to act upon it. 

But as gravity acts continually, and upon all tx 
we need not be surprised that we meet with n< 
tion in which the direction and the velocity con 
the same. The case of rest may very well 
place ; it is when something invincibly oppose 
fall of a body ; thus, the floor of my apartmem 
vents my failing into that below it. But the b 
which appear to us at rest are carried along b 
motion of the earth, which is neither rectilinea 
uniform : it cannot be affirmed, therefore, that 
bodies remain in the same state. Neither is 

* This assertion is without proof or evidence, unless the author 
to imply, that by seeking for the source of gravity out of the 
we shall find it in the will of the Creator. The Newtonian 
of gravity is now universally admitted, except perchance by 
sciolists in philosophy. We can, as Sir Isaac Newton admits, 
conceive of the existence of matter which should not be endow* 
tie quality of attraction ; but as far as human observation has exi 
*» are Justified in ascribing to matter universally this remarkaU 
erty. A stone in falling moves therefore by virtue of this property, 
it possesses in common with the earth. The attraction and the 
are mutual, but the distance moved through to effect a junction 
versely proportionate to the masses in the moving bodies. Hen 
stone appears to move, and not the earth.— Am. Ed. 
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one of the heavenly bodies which moves in a straight 
line, and always with the same velocity ; they are 
continually changing their state : and even the forces 
which produce this continual change are not un- 
known to us^ they are the attractive powers which 
the heavenly bodies exercise over one another. 

I have already remarked that these forces may 
very probably be caused by the subtile matter which 
surrounds all the heavenly bodies, and fills the 
whole space of the heavens ; but, according to the 
opinion of those who consider attraction as a power 
inherent in matter, this force is always foreign to 
the body on which it acts. Thus, when we say the 
earth is attracted towards the sun, it is acknow- 
ledged that the force which acts upon the earth is 
not resident in the earth itself, but in the sun ; as, in 
fact, if the sun did not exist there would be no such 
force.* r 

This opinion, however, that attractioa is essential 
to all matter, ts subject to so many other inconve- 
niences, that it is hardly possible to allow it a place 
in a rational philosophy. It is certainly much safer 
to proceed on the idea, that what is called attrac- 
tion is a power contained in the subtile matter which 
nils the whole space of the heavens ; though we 
cannot tell how.f We must accustom ourselves to 
acknowledge our ignorance on a variety of other 
important subjects. 

llth November, 1760. 

* It seems difficult to reconcile this assertion with the opinion that the 
author understood the Newtonian theory of gravitation. The force exist* 
' In the earth as well as in the sun ; therefore, in each being directly pro- 
portionate to their respective quantities of matter.— Am. Ed. 
■> t The Cartesian doctrine, here so distinctly preferred, is now exploded, 
Ed. 
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LETTER LXXVI. 
System of the Monads of Wolff. 

Before I attempt to make you sensible of the 
truth of the principle, that all bodies of themselves 
always preserve the same state of rest .or motion, I 
must remark, that if we consult experience only on 
the subject, without thoroughly investigating it by 
the powers of reasoning, we would be disposed to 
draw the directly opposite conclusion, and to main- 
tain, that bodies alway s have a propensity to be con- 
tinually changing their state ; as we see nothing in 
the whole universe but a perpetual change in the 
state of bodies. Bnt we have just shown what are 
the causes which produce these changes, and we 
are assured, that they are not to be found in the 
bodies whose state is changed, but out of them. 

The principle, then, which we have established is 
so far from being contradicted by experience, that it 
is, on the contrary, confirmed by it. You will easily 
judge from this, how. several great philosophers, 
misled by an experience not accurately understood, 
have fallen into the error of maintaining that all 
bodies are endowed with powers disposing them 
continually to change their state. 

It is thus that Wolff has reasoned. He says, 1. 
Experience shows us all bodies perpetually changing 
their state ; 2. Whatever is capable of changing the 
state of bodies is called force ; 3. All bodies, there- 
fore, are endowed with a force capable of changing 
their state ; 4. Every body, therefore, is making a 
continual effort to change ; 5. Now, this force be- 
longs to body only so far as it contains matter; 6. 
It is therefore a property of matter to be continually 
changing its own state ; 7. Matter is a compound of 
a multitude of parts, denominated the elements of 
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matter ; therefore, 8. As the compound can have 
nothing but what is founded in the nature of its 
elements, every elementary part must be endowed 
with the power of changing its own state. 

These elements are simple beings; for if they 
were composed of parts, they would be no longer 
elements, but their parts would be so. Now, a 
simple being is likewise denominated monad; every 
monad, therefore, has the power of continually 
changing its state. Such is the foundation of the 
system of monads, which you may have heard men- 
tioned, though it does not now make such a noise 



several propositions on which it is established, for 
the purpose of making a more distinct reference, in 
the reflections I mean to make upon them. 

I have nothing to say respecting the first and sec- 
ond ; but the third is very equivocal, and altogether 
false, in the sense in which it is taken. Without 
meaning to say that the forces which change the 
state of bodies proceed from some spirit, I readily 
agree Jhat the force by which the state of every body 
is changed subsists in body, but it being always un- 
derstood that it subsists in another body, and never 
in that which undergoes the change of state ; which 
has rather the contrary quality, that of persevering 
in the same state. In so far, then, as these forces 
subsist in bodies, it ought to be said that these 
bodies, as long as they have certain connexions with 
each other, may be capable of supplying forces by 
which the state of another body is changed. It fol- 
lows, that the fourth proposition must be absolutely 
false; and the result, from all that went before, 
rather is, that every body is endowed with the power 
of remaining in the same state, which is directly the 
opposite of the conclusion which these philosophers 



And I must here remark, that it is rather absurd 
io give the name of force to that quality of bodies 
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by which they remain in their state ; for if we are 
to understand by the term force every thing that is 
capable of changing the state of bodies, the quality 
by which they persevere in their state is rather the 
opposite of a force. It is therefore by an abuse of 
language that certain authors give the name of force 
to the inertia, which is that quality, and which they 
denominate the inert force. 

But, not to wrangle about terms, though this abuse 
may lead to very gross errors, I return to the sys- 
tem of monads ; and as proposition 4 is false, those 
that follow, which are successively founded upon it, 
must of necessity be so too. It is false then, like* 
wise, that the elements of matter, or monads, if such 
there be, are possessed of the power of changing 
their state. The truth is rather to be founded on 
the opposite quality, that of persevering in the same 
0tate : and thereby the whole system of monads is 
completely subverted. 

These philosophers attempted to reduce the ele- 
ments of matter to the class of beings which compre- 
hends spirits and souls, endowed, beyond the power 
of contradiction, with the faculty of changing their 
jstate ; for, while I am writing, my soul continually 
represents other objects to itself, and these changes 
depend entirely on my will : I am thoroughly con* 
vinced of it, and not the less so that I am master 
-of my own thoughts ; whereas the changes which 
take place in bodies are the effect of an extraneous 
force. 

Add to this, the infinite difference between the 
state of body capable only of one velocity and of 
one direction, and the thoughts of spirit, and you 
will be entirely convinced of the falsehood of the 
sentiments of the materialists, who pretend that 
jpirit is only a modification of matter. These gen- 
tlemen have no knowledge of the real nature of 
bodies. 

l&th November, 1760. 
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LETTER LXXVII. 
Origin and Nature of Powers, 

It is undoubtedly very surprising, that if every 
body has a natural disposition to preserve itself in 
the same state, and even to oppose all change, all 
the bodies in the universe should nevertheless be 
continually changing their state. We are well as 
sored, that this change can be produced only by a 
force not resident in the body whose state is changed. 
Where, then, must we look for those powers which 
produce the incessant changes that take place in all 
the bodies of the universe ; and which are, neverthe- 
less, foreign to body ? 

Must we then suppose, besides these existing 
bodies, particular beings which contain those pow- 
ers 1 or, are the powers themselves particular sub- 
stances existing in the world 1 We know but of two 
kinds of beings in it, the one which comprehends all 
bodies, and the other all intellectual beings, namely, 
the spirits and souls of men, and those of animals. 
Must we establish, then, in the world, besides body 
and spirits, a third species of beings, under the name 
of power or force ? or are they spirits which inces- 
santly change the state of bodies ? 

Both of these labour under too many difficulties 
to be hastily adopted. Though it cannot be denied 
that the souls of men and of beasts have the power 
of producing changes in their bodies, it were, how- 
ever, absurd to maintain that the motion of a ball on 
the billiard-table was retarded and destroyed by some 
spirit ; or that gravity was produced by a spirit con- 
tinually pressing bodies downward; and that the 
heavenly bodies, which, in their motion, change both 
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direction and velocity, were subjected to the action 
of spirits, according to the system of certain an- 
cient philosophers, who assigned to each of the 
heavenly bodies a spirit, or angel, who directed its 
course. 

Now, on reasoning with solidity respecting the 
phenomena of the universe, it must be admitted that 
if we except animated bodies, that is, those of men 
and beasts, every change of state which befalls other 
bodies is produced by merely corporeal causes, in 
which spirits have no share. The whole question, 
then, is reduced to this. Whether the forces which 
change the state of bodies exist separately, and con- 
stitute a particular species of beings, or whether 
they exist in the bodies 1 

This last opinion appears at first sight very unac- 
countable ; for if all bodies have the power of pre- 
serving themselves in the same state, how can it be 
possible they should contain powers that have a 
tendency to change it ? You will not be surprised to 
hear that the origin of force has, in all ages, been a 
stumbling-block to philosophers. They have all 
considered it as the greatest mystery in nature, and 
as likely to remain for ever impenetrable. I hope, 
however, I shall be able to present you with a solu- 
tion of this pretended mystery, so clear that all the 
difficulties which have hitherto appeared insur- 
mountable will wholly vanish. 

I say, then, that however strange it may appear, 
this faculty of bodies, by which they are disposed to 
preserve themselves in the same state, is capable 
of supplying powers which may change that of 
others. I do not say that a body ever changes its 
own state, but that it may become capable of chang- 
ing that of another. In order to enable you to get 
to the bottom of this mystery respecting the origin 
of force, it will be sufficient to consider two bodies, 
js if no others existed. 
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Let the body A, Fig. 33, be at rest, and let the 
body B have received a motion in the direction B A, 



Fig. 33. 




with a certain Telocity. This being laid down, the 
body A is disposed to continue always at rest ; and 
the body B to continue its motion along the straight 
line B A, always with the same velocity, and both 
the one and the other in virtue of its inertia. The 
body B will at length then come to touch the body A. 
What will be the consequence 1 As long as the body A 
remains at rest, the body B could not continue its 
motion without passing through the body A, that is, 
without penetrating it; it is impossible, then, that 
each body should preserve itself in its state, without 
the one's penetrating the other. But this penetra- 
tion is impossible ; impenetrability being a property 
common to all bodies. 

It being impossible, then, that both the one and 
the other should preserve its state, the body A must 
absolutely begin to move, to make way for the body 
B, that it may continue its motion; or, tbat the 
body B, having come close to the body A, must have 
its motion destroyed ; or, the state of both must be 
changed, as much as is necessary to put them in a 
condition to continue afterward each in his proper 
state., without mutual penetration. 

Either the one body, therefore, or the other, or 
both, must absolutely undergo a change of their 
state, and the cause of this change infallibly exists 
in the impenetrability of the bodies themselves; 
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since every cause capable of changing the state of 
bodies is denominated force, it is then, of neces- 
sity, the impenetrability of the bodies themselves 
which produces the force by which this change is 
effected. 

In fact, as impenetrability implies the impossibil- 
ity that bodies should mutually penetrate, each of 
them opposes itself to all penetration, even in the 
minutest parts ; and to oppose itself to penetration 
is nothing else but to exert the force necessary to 
prevent it. As often, then, as two or more bodies 
cannot preserve themselves in their state without 
mutual penetration, their impenetrability always ex- 
erts the force necessary to change it, as far as is 
requisite, to prevent the slightest degree of pene- 
tration. 

The impenetrability of bodies, therefore, contains 
the real origin of the forces, which are continually 
changing their state in this world ; and this is the 
true solution of the great mystery which has per* 
plexed philosophers so grievously. 

18;A November, 1760. 



LETTER LXXVIII. 

' The same Subject. Principle of the least possible 
Action. 

You have now made very considerable progress 
in the knowledge of nature, from the explanation of 
the real origin of the powers capable of changing the 
state of bodies ; and you are at present in a con- 
dition to comprehend easily why all those of this 
world are subject to an incessant change of state, 
from rest to motion, or from motion to rest. 

First, we are certain that the world is filled with 
matter. Here below, it is evident that the spa* 
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winch separates the gross bodies sensible to feel- 
ing, is occupied by the air, and that when we make 
a vacuum in any space the ether instantly suc- 
ceeds, and it likewise fills the space in which the 
heavenly bodies move. All space being thus full, 
it is impossible that a body in motion should con- 
tinue it a single instant without meeting others, 
through which it must pass if they were not impene- 
trable* And as this impenetrability of bodies ex- 
erts always and universally a force which prevents 
all penetration, it is not at all surprising, then, that 
we should observe perpetual changes in the state of 
bodies, though every one has a tendency to preserve 
itself in the same state. 

If they could penetrate each other freely, nothing 
would prevent any one from remaining perse veringly 
in its state; but being impenetrable, there must 
thence necessarily result force sufficient to prevent 
all penetration; and no more results than. what is 
precisely needful. 

While they can continue in the same state, with- 
out any injury to impenetrability, they then exert 
no force, and bodies remain in their state ; it is only 
to prevent penetration that impenetrability becomes 
active, and supplies a force sufficient to oppose it. 
When, therefore, a small force suffices to prevent 
penetration, impenetrability exerts that and no 
more ; but when a great force is necessary for this 
purpose, impenetrability is ever in a condition to 
supply it. N 

Thus, though impenetrability supplies these pow- 
ers, it is impossible to say that it is endowed with a 
determinate force ; it is rather in a condition to sup- 
ply all kinds of force, great or small, according to 
circumstances ; it is even an inexhaustible source 
of them. As long as bodies are endowed with im- 
penetrability, this is a source which cannot be dried 
op ; this force absolutely must be exerted, or bodies 
must mutually penetrate, which is contrary to nature. 
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It ought likewise to be remarked, that this force 
is never the effect of the impenetrability of a single 
body; it results always from that of all bodies at 
once, for if one of the bodies was penetrable, the 
penetration would take place, without any need of a 
power to effect a change in their state. When, there- 
fore, two bodies come into contact, and when they 
cannot continue in their state without penetrating 
each other, the impenetrability of both acts equally: 
and it is by their joint operation that the force neces- 
sary to prevent the penetration is supplied, we then 
say that they act upon each other, and that the force 
resulting from their impenetrability produces this 
effect. This force acts upon both of them ; for as 
they have a tendency towards mutual penetration, it 
repels both the one and the other, and thus prevents 
their penetration. 

It is certain, then, that bodies may act upon each 
other ; and we speak so frequently of this action, as 
when two billiard balls clash, it is said the one acts 
upon the other, that you must be well acquainted 
with this mode of expression. But it must be care- 
fully remarked, that, in general, bodies do not act 
upon each other, but in so far as their state becomes 
contrary to impenetrability ; from whence results a 
force capable of changing it, precisely so much as is 
necessary to prevent any penetration; so that a 
small force would not have been sufficient to produce 
this effect. 

It is very true, that a greater force would likewise 
prevent the penetration ; but when the change pro- 
duced in the state of bodies is sufficient to prevent 
mutual penetration, the impenetrability acts no far- 
ther, and there results from it the least force that 
is capable of preventing the penetration. Since, 
4 then, the force is the smallest, the effect which it 
produces, that is, the change of state which it ope- 
rates, in order to prevent penetration, will be pro- 
portional; and, consequently, when two or more 
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bodies come into contact, so that no one could 
eontinue in its state without penetrating the others, 
a mutual action must take place, which is always the 
smallest that was capable of preventing penetration. 

You will find here, therefore, beyond all expecta- 
tion, the foundation of the system of the late Mr. 
de Maupertuis, so much cried up by some, and so vio- 
lently attacked by others. His principle is, that of 
the least possible action ; by which he means, that 
in all the changes which happen in nature, the cause 
Which produces them is the least that can be. 

From the manner in which I have endeavoured to 
Unfold this principle to you, it is evident that it is 
perfectly founded in the very nature of body, and 
that those who deny it are much in the wrong, 
though still less than those who would turn it into 
ridicule. You will already, perhaps, have remarked, 
that certain persons, no groat friends to Mr. de 
Maupertuis, take every opportunity of laughing at 
the principle of the least possible action, as well as at 
the hole continued down to the centre of the earth ; 
but fortunately, truth suffers nothing by their plea- 
santry. 

22a November, 1760. 



LETTER LXXIX. 
On the Question, Are there any other Species of Powers t 

The origin of powers, founded on the impenetra- 
bility of bodies, which I have been endeavouring to 
explain, is by no means inconsistent with the opinion 
of those who maintain that the souls of men and 
those of beasts have the power of acting on their 
bodies. There is nothing to hinder the existence of 
two kinds of power, which produce all the change* 
that take place in the world ; the one corporeal, 
which derives its origin from the impenefrabufty ef 

Vol. L— Z 
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bodies; and the other spiritual, which the souls 
animals exercise over their bodies: but this law** 
power operates only upon animated bodies ; and tMM 
Creator has so clearly distinguished it from thy 
other, that it is not permitted, in philosophy, to coiMjQ 
found them. w& 

But this distinction greatly embarrasses those wlMP 
consider attraction as an inherent quality of bodies 
for if they act upon each other only to maintain theiw 
impenetrability, attraction cannot be referred to thisJet 
case. Two distant bodies may preserve each itabs 
state without at all interesting their impenetrability, Gc 
and without there being any reason of consequence po 
why the one should act upon the other, even by oi 
attracting it. U 

Attraction, therefore, ought to be referred to a u] 
third species of power, which should neither be cor- s] 
poreal nor spiritual. But it is always contrary to n 
the rules of a rational philosophy, to introduce a new p 
species of powers before their existence is incontest- v 
ably demonstrated. It would have been necessary, a 
therefore, for this effect, to have proved beyond 1 
contradiction that the powers by which bodies mu- 
tually attract could not derive their origin from the 
subtile matter which surrounds them ; but this im- 
possibility is not yet demonstrated. It would appear 
on the contrary, that the Creator has expressly filled 
the whole space of the heavens with a subtile matter 
to give birth to these powers which impel bodies to- 
wards each other, conformably to the law before 
established respecting their impenetrability. 

In fact, the subtile matter might very well have a 
motion, such as that a body in it should not be able 
to preserve its state without being penetrated by it ; 
and then this force must be derived as well from the 
impenetrability of the subtile matter as from that of 
the body itself. 

Were there a single case in the world in which 
two bodies attracted each other, while the interme- 
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ikfeato space was not filled with a subtile matter, the 
< lblity of attraction might very well be admitted ; 
iait as no such case exists, we have consequently 
Aason to doubt, nay, even to reject it. We know, 
cJsen, but of two sources of all the powers which 
produce these changes, the impenetrability of body, 
vifad the action of spirit. 

eMThe disciples of Wolff reject likewise this law, and 
dpaintain, that no spirit, or immaterial substance, can 
net upon a body ; and they are very much embar- 
unissed when it is alleged, that, according to them, 
r,]God himself, who is a spirit, could not have the 
a mower of acting upon bodies, which savours strongly 
rtof atheism. They are accordingly reduced to this 
i feeble reply, that it is by infinity God is able to act 
J upon body; but if it be impossible for a spirit as a 
I spirit to act upon a body, this impotence necessarily 
■ recoils on God himself. And who can deny that 
[ our soul acts upon our body 1 I am to such a degree 
f master of my members, that I can put them in action 
as I please. The same thing may be affirmed like- 
wise of the brute creation ; and as, according to the 
system of Descartes, at which we have good reason 
to smile, beasts are mere machines, without any 
feeling, like a watch, as the Wolffians would have it, 
men too are merely machines. 

These same philosophtfs, in their speculations, go 
likewise so far as to deny the first species of pow- 
ers, of which they know nothing. For not being 
able to comprehend how one body acts upon another, 
they boldly deny its action ; and maintain that all the 
changes which befall a body are produced by its 
own powers. 

They are the philosophers whom I formerly men- 
tioned, as denying the first principle of mechanics, 
respecting the preservation of the same state, which 
is sufficient to subvert their whole system. The 
error into which they have fallen, as I have already 
remarked, arises from their reasoning inconclusively 
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respecting the phenomena which bodies present to 
us. They concluded precipitately, from observing 
almost all bodies continually changing their state, 
that they contained in themselves the powers by 
which they incessantly exert themselves to change 
it, whereas they ought to have drawn the directly 
opposite conclusion. 

It is thus that, by considering objects in a super- 
ficial manner, we hurry into the grossest errors. I 
have already pointed out the defects of this reason- 
ing; but once fallen into error, they have abandoned 
themselves to the most absurd ideas. They first 
ascribed these internal powers to the primary ele- 
ments of matter, which, according to them, are con- 
tinual efforts to change their state ; and concluded 
from it, that all the changes to which every element 
is subjected are produced by its own power, and that 
two elements, or simple beings, cannot act upon 
each other. This being laid down, it was necessary 
to divest spirits, as simple beings, of all power of 
acting upon body, excepting, however, the Supreme 
Being; and then, as bodies are composed of simple 
beings, they were under the necessity of denying 
also that bodies could act npon each other. 

It was in vain to object to them the case of bodies 
which impinge against one another, and the change 
of their state which results from it. Obstinately 
prepossessed in favour or the solidity of their rea- 
soning, they scorned to abandon it: they chose 
rather to affirm, that every body, from its own na- 
ture, produces the change which befalls it, and that 
the collision has nothing to do with it ; that it is a 
mere illusion which makes us believe the collision 
to be the cause of it ; and they go off in triumph at 
the sublimity of a philosophy so far beyond the 
comprehension of the vulgar. You are now in a 
condition to estimate it according to its real im- 
portance. 

96th November, 1760. 
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LETTER LXXX. 
Of the Nature of Spirits. 

I flatter myself that you are now convinced of 
the solidity of the reasonings on which I have es- 
tablished the knowledge of bodies, and that of the 
powers which change the state of them. The whole 
is founded on experiments the most decisive, and on 
principles dictated by reason. They involve no 
absurdity, nor are they contradicted by other prin- 
ciples equally certain. It is not long since any suc- 
cessful progress was made in researches of this 
kind. Such strange ideas were formerly entertained 
respecting the nature of bodies, that all kinds of 
powers were ascribed to them, of which some must 
necessarily destroy the others. 

Certain philosophers have even gone so far as to 
imagine that matter itself might be endowed with 
the faculty of thought. These gentlemen, known 
by the name of materialists, maintain that our souls, 
and all spirits in general, are material ; or rather, 
they deny the existence of souls and spirits. But 
when once we have got into the right road to the 
knowledge of bodies— theJfcwrtia, by virtue of which 
they continue in their state — and impenetrability, 
that quality by which they are subjected to powers 
capable of changing it— all those phantoms of pow- 
ers to which 1 alluded vanish away, and nothing ap- 
pears a more glaring absurdity than to affirm that 
matter is capable of thought. To think, to judge, 
to reason, to possess mental feeling, to reflect, and 
will, are qualities incompatible with the nature of 
bodies ; and beings invested with them must be of a 
different nature. Such afe souls and spirits; and 
He who possesses those qualities in the highest de- 
gree is God 
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There is, then* an infinite difference between body 
and spirit. Extension, inertia, and impenetrability — 
qualities which exclude all thought — are the proper* 
ties of body , but spirit is endowed with the faculty 
of thinking, of judging, of reasoning, of feeling, of 
reflecting, of willing, or of determining in favour of 
one objtct preferably to another. There is here 
neither extension, nor inertia, nor impenetrability ; 
these material qualities are in&iitely remote from 
spirit. 

It is asked, What is spirit) I acknowledge my 
ignorance in respect of this ; and I reply, That we 
cannot tell what it is, as we know nothing of the 
nature of spirit . 

But it is not the less certain that this world con* 
tains two kinds of beings ; beings corporeal or mate- 
rial, and beings immaterial or spiritual, which are of 
a nature entirely different, as they manifest them* 
selves to us by properties which have no relation to 
each other. These two species of beings are, never- 
theless, most intimately united ; and upon their union 



which are the delight of intelligent beings, and lead 
them to glorify their Crjeator, 

It is certain that spirits constitute the principal 
part of the world, and that bodies are introduced 
into U merely k> serve them. For this reason it is 
that the souls of animals are in a union so intimate 
with their bodies. Not only do the souls perceive 
all the impressions made upon their bodies ; but they 
have the power of acting upon these bodies, and of 
producing in them corresponding changes ; and thus 
they exercise an active influence over the rest of 
the world. 

This union of the soul with the body undoubt- 
edly is, and ever will be, the greatest mystery of 
the divine Omnipotence— a mystery which we shall 
never be able to unfold. We are perfectly sensihte 
that the human soul cannot act immediately on all 
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the parts of the body \ as soon as a certain nerve is 
cut, I can no longer close my hand : from which it 
may be concluded, that the soul has power only over 
the extremities of the nerves, which all terminate 
and unite in a portion of the brain, the place of which 
the most skilful anatomist is unable exactly to as- 
sign- To this, then, the power of the soul is re- 
stricted. But that of God, being unlimited, extends 
to the whole universe, and exerts itself by means 
which far exceed our comprehension. 
19th November, 1700. 



LETTER LXXXI. 

Of ike Union between the Soul and the Body, 

As spirits and bodies are beings, or substances, of 
a nature totally different, the world contains, then, 
two kinds of substances, the one spiritual, and the 
other corporeal or material. The strict union which 
subsists oetween them merits a very particular at- 
tention. 

This union of soul and body, in every animal, ia 
a m ost wo nder fui phe nom enon . It is red'ut ed to two 
things — the one, that the soul feels, or perceives, all 
the changes which befall its body, by means of the 
senses, which, as you know perfectly well, are five 
in number, namely, seeing, hearing, smelling, tasting, 
and touching, By these, then, the soul takes cog- 
nizance of every thing that passes, not only in its 
own body, but out of it. Touching and tasting rep- 
resent to it those objects only which are in immediate 
contact with the body ; smelling, objects at a small 
distance ; hearing extends to distances much more 
remote ; and sight procures for us the knowledge of 
the most distant object** 

All this knowledge is acquired only in so far as 
the objects make an impression on some one oi oai 
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senses ; but still this is not sufficient— it is necessary 
that the organ of such sense should be perfectly 
sound, and the nerves belonging to it must not be 
deranged. You will recollect, that in order to see, 
the objects must be painted distinctly in the bottom 
of the eye, on the retina ; but still this representation 
is not the object of the soul ; one may be blind, 
though it is perfectly well defined. The retina is a 
contexture of nerves, the continuation of which 
extends to the brain ; and if this continuation is in- 
terrupted by any injury done to this nerve, called the 
optic nerve, there will be no sight, however perfect 
tne representation on the retina may be. 

It is the same with respect to the other senses, all 
of which operate by means of nerves destined to 
convey the impression made on the organ employed 
in the sensation, up to its first origin in the brain. 
There is, then, in the brain, a certain place where 
all the nerves terminate ; there the soul resides, and 
there it perceives the impressions made upon it by 
means of the senses. 

From these impressions, the soul derives all the 
knowledge it has of things out of itself; thence it 
derives its first ideas, and by their combination forms 
judgments, reflections, reasonings, and every thing 
necessary to perfect its knowledge ; such is the work 
of the soul, in which the body has no share. But 
the first impression comes to it from the senses, 
through the bodily organs ; and the first faculty of 
the soul is to perceive, or to feel, what passes in that 
part of the brain in which all the sensitive nerves 
terminate. This faculty is denominated feeling, or 
sensation ; and the soul, nearly passive, does nothing, 
in the first instance, but receive the impressions 
which body presents to it. 

But it possesses in its tern an active faculty, by 
means of which it has the power of influencing its 
body, and of producing motions in it at pleasure ; in 
this consists its power over the body. Thus I am 
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able to move my hands and my feet by an act of my 
will ; and, What motions are my fingers making as • 
I write this letter 1 My soul, however, cannot act 
immediately on any one of my fingers : in order to 
put a single one in motion, it is necessary that sev- 
eral muscles should be put in action; and this action 
again exerts itself by means of nerves terminating 
in the brain-Mf such a nerve be injured, to no pur- 
pose will I wish my finger to move ; it will no longer 
obey the orders of my soul. Thus the power of my 
soul extends only to a small portion of the brain, 
where all the nerves unite; sensation is likewise 
restricted to this place of the brain. 

The soul, then, is united only with these extrem- 
ities of the nerves, on which it has not only the 
power of acting, but by means of which it can view, 
•ft in a mirror, every thing that makes an impres- 
sion on the organs of its body. What wonderful 
address, to be able to conclude, from the slight 
changes which take place in, the extremity of the 
nerves, that which occasioned them out of the 
body! 

A tree, for example, produces on the retina, by 
its rays, an image which is perfectly similar to it; 
but how feeble must the impression be which the 
nerves receive from it ! It is this impression, how- 
ever, continued along the nerves up to their origin, 
which excites in the soul the idea of that tree. Af- 
terward, the slightest impressions which the soul 
makes on the extremities of the nerves are instantly 
communicated to the muscles, which, put in action, 
oblige the member which it wills to move, exactly 
to obey its orders. 

Machines which receive certain motions by the 
drawing of a string present but a coarse mechanism 
compared to our bodies and the bodies of animals. 
The works of the Creator infinitely surpass the pro- 
ductions of human skill. 

2d December, 1760. 
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LETTER LXXXIL 



Different Systems relative to this Subject 



I 

fr 
It 



In order to elucidate the twofold union of soul fc 
and body, we may compare the soul to a man who 
contemplates, in a dark room, the external objects, * 
and from their images derives the knowledge of fl 
what is passing out of the room. The soul viewing, 1 
in like manner, if I may so express myself, the ex- ' 
tremities of the nerves which unite in a certain part 1 
of the brain, perceives all the impressions made ' 
upon the nerves, and arrives at the knowledge of ; 
the external objects which have made these impres- 
sions on the organs of sense. Though we de not 
know wherein consists the resemblance of the im- 
pressions made on the extremities of the nerves, \ 
with the objects themselves which occasioned them, ', 
they are, however, very proper to supply the soul i 



The action by which the soul, operating on the 
extremities of the nerves, can put in motion at 1 
pleasure the members of the body, may be compared 
to that of a player on puppets, who, by pulling a 
string, makes them strut about, and move their limbs 
as he pleases. This comparison is, however, very 
imperfect ; for the union of the soul and body is in- 
finitely more intimate. 

The soul is not so indifferent, in respect to feel- 
ing, as the man placed in the dark room ; it is much | 
more deeply interested in what is going on. There 
are sensations highly agreeable to it, and others 
very disagreeable, and even painful. What more 
disagreeable than acute pain, though it proceed but 
from a bad tooth ? This, however, is no more than 
a nerve irritated in a certain manner; and yet it 
excites in the soul pain intolerable. 
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In whatever light we consider the strict union of 
soul and body, which constitutes the essence of a 
living man, it must ever remain an inexplicable 
mystery ; and in all ages philosophers have taken 
fruitless pains, in the hope of arriving at a satisfac- 
tory solution. Various systems have been devised 
for this purpose. 

The first is, that by which a real influence is 
established of body on soul, and of soul on body ; so 
that the body, by means of the senses, supplies the 
soul with its first perceptions of external things ; 
and that the soul, by acting immediately on the 
nerves, in their origin, excites in the body the mo- 
tion of its members ; though it is at the same time 
acknowledged that the manner of this mutual in- 
fluence is absolutely unknown to us. We must 
undoubtedly have recourse to the omnipotence of 
God, who has given to every soul a power over the 
portion of matter containing the extremities of the 
nerves of the body, so that the power of every soul 
is restricted to a small part of the body, whereas the 
power of God extends to all the bodies of the uni- 
verse. This system seems the most conformable to 
truth, though we are very far from pretending to 
have a particular knowledge of it. 

The other two systems are the invention of phi- 
losophers, who boldly deny the possibility of a real 
influence of spirit upon bodies; though they are 
under the necessity of allowing it to the Supreme 
Being. According to them, the body cannot supply 
the soul with the first ideas of external things, nor 
the soul produce any motion in the body. 

One of these two systems was the invention of 
Descartes ; it goes by the name of the system of oc- 
casional causes. According to this philosopher, when 
the organs of sense are excited by exterior bodies, 
God immediately impresses on the soul, at the same 
instant, the ideas of these bodies ; and when the 
soul wills that any member of this body should 
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move, still it is God who immediately impresses on 
that member the motion desired ; but all the while 
the soul is in no manner of connexion with its body. 
It was, therefore, altogether unnecessary that the 
body should be a machine of such admirable con* 
struction, as the dullest mass would have answered 
thejpurpose equally well. 

TTiis system, accordingly, soon lost much of its 
credit, when the celebrated Leibnitz substituted in 
its place that of the pre-established harmony, which 
you have no doubt frequently heard mentioned in 
conversation. 

According to this system of pre-established har* 
men*, the soul and the body are two substances out 
of all connexion, and exercising no manner of influ- 
ence on each other. The soul is a spiritual sub' 
stance, which, from its own nature, receives, or as- 
sumes, all its ideas, its thoughts, its perceptions, 
without the body's having the least share in the mat* 
ter; and the body is a machine most ingeniously 
constructed, like a clock, which produces all its 
motions in succession, without any manner of influ- 
ence on the part of the soul. But God, having fore- 
seen from the beginning all the resolutions which 
every soul would at every instant form, arranged 
the machine of the body so that its motions should, 
at every instant, harmonize with the resolutions of 
the soul. Thus, when I at this moment raise my 
hand, Leibnitz says that God, having foreseen my 
soul would will, at this moment, my hand to be 
raised, disposed the machine of my body in such t 
manner, that in virtue of its proper organization my 
hand should necessarily rise at the same instant; 
and, in like manner, that all the motions of the mem- 
bers of the body are performed in virtue of their 
proper organization, which has been from the begin- 
ning bo disposed as to be at all times in harmony 
with the determinations of the souL 

6th December, 1760. 
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LETTER LXXXIIL 

Examination of the System of pre-established Harmony* 
An Objection to it. 

There was a time when the system of pre-estab- 
lished harmony had acquired such a high reputation 
over all Germany, that to dare to call it in question 
was to incur the imputation of ignorance, or bigotry. 
The supporters of this system boasted, that by 
means of it the omnipotence and omniscience of the 
Supreme Being were set in their clearest light, and 
that it was impossible for any one who believed in 
these exalted perfections of God to entertain a doubt 
of the truth of this sublime system. 

In fact* say they, we see that poor pitiful mortals 
are capable of constructing machines so ingeniously 
as to fill the vulgar spectator with astonishment: 
how much stronger reason, then, have we to admit 
that God, having known from all eternity all that my 
soul would wish and desire, at every instant, should 
have been able to construct such a machine, which* 
at every instant, should produce motions conform- 
able to the determinations of my soul ! Now, this 
machine is precisely my body, which is united to my 
soul only by this harmony ; so that if the organiza- 
tion of my body were deranged to such a degree as 
to be no longer in harmony with my soul, this body 
would no more belong to me than the body of a rhi- 
noceros in the heart of Africa : and jf f in the case 
of a derangement of my body, God should adjust 
that of a rhinoceros so that its motions were in 
such harmony with the determinations of my soul 
as to raise its paw at the moment I willed it, this 
bodv would then he mine, and would belong to my 
soul, as my present body now belongs to it, without 
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having undergone itself, on that account, any change 
whatever. 

Mr. Leibnitz himself has compared the soul and 
the body to two clocks, which continually indicate 
the same hour. A clown who should see this beau- 
tiful harmony of these two clocks would undoubt- 
edly conclude that they acted upon each other ; but 
he would be under a mistake, for the one performs 
its motions independently of the other. The soul 
and the body are likewise two machines totally in- 
dependent, the one being spiritual, the other mate- 
rial ; but their operations are always in a harmony 
so complete, that we are induced to believe them to 
belong to each other, and that the one has a real in- 
fluence upon the other, which is, however, a mere 
illusion. 

In order to form a judgment of this system, I re- 
mark, first, That it cannot be denied to be possible 
for God to create a machine which should be always 
in harmony with the operations of my soul ; but it 
appears to me that my body belongs to me by other 
rights than such a harmony, however beautiful it 
may be : and I believe you will not be disposed 
hastily to adopt a system which is founded on this 
principle alone, that no spirit can act upon a body; 
and that, reciprocally, a body cannot act upon, or 
supply ideas to, a spirit. This principle is, besides, 
destitute of all proof, the chimeras of its partisans 
respecting simple beings having been completely re- 
futed. And if God, who is a spirit, has the power 
of acting upon bodies, it is not absolutely impossible 
that a spirit, such as the human soul, should be able 
likewise to act upon a body. Accordingly, we do 
not pretend to say that our soul acts upon all bodies, 
but only upon a small particle of matter, with re- 
spect to which it has received the power of God him- 
self, though to exercise it in a manner which we are 
utterly unable to comprehend. 
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Further, the system of pre-established harmony 
_abours under other great difficulties. According to 
it the soul derives all its knowledge from its own 
proper fund, without any contribution on the part of 
the body and the senses. Thus, when I read in the 
gazette that the pope is dead, and I come to the 
knowledge of the pope's death, the gazette and my 
reading have nothing to do with the communication 
of this knowledge, as these circumstances respect 
only my body and my senses, which have no man- 
ner of connexion with my soul. But, conformably 
to this system, my soul derives, at the same time, 
from its own proper fund the ideas which it has of 
this same pope. It concludes he must absolutely 
be dead, and this knowledge comes to it with the 
reading of the gazette, so thai? I imagine the read- 
ing of the gazette furnished me with this knowledge, 
though I really derived it from the proper fund of 
my soul. 



possible for me so boldly to assert that the pope 
must necessarily have died at the moment mentioned 
in the gazette, and that only from the idea which I 
had of the pope's condition and health, though 
perhaps I knew nothing about him, while I am 
infinitely better acquainted with my own situation, 
without knowing, however, what shall befall me to- 
morrow. 

In like manner, when you do me the honour to 
read these letters, and derive the knowledge of some 
truth from them, it is your soul which extracts that 
truth from its own proper fund, without my con- 
tributing at all to it by my letters. The reading of 
tnem serves only to maintain the harmony which the 
Creator meant to establish between the soul and the 
body. It is only a formality altogether superfluous 
with respect to the knowledge itself. I shall never- 
theless continue to tender you my instructions. 

9th December, 1760 
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LETTER LXXXIV. 
Another Objection. 

There is another objection to be made to the sys- 
tem of pre-established harmony ; namely, that it is 
Utterly destructive of human liberty. In fact, if 
the bodies of men are machines, similar to a watch, 
all their actions are a necessary consequence of their 
construction. Thus, when a thief steals my purse, 
the motion made by his hands is an effect as neces- 
sary of the machine of his body, as the motion of 
the hand of my clock, now pointing to nine. You 
will readily comprehend what must be the conclu- 
sion. A 8 it would be unjust, nay ridiculous, to think 
of being angry at the clock, and of chastising' it, be- 
cause it pointed to nine, it would be equally so with 
respect to the thief, whom it would be absurd to 
punish for having stolen my purse. 

Of this we had a well-known example in the reign 
of his late majesty, when Mr. Wolff taught at Halle 
the system of the pre-established harmony. The 
king informed himself of this doctrine, which was 
then making a prodigious noise; and one of his 
court having suggested to him that according to Mr. 
Wolffs doctrines soldiers were mere machines, and 
that when one deserted it was a necessary conse- 
quence of his particular structure, and therefore 
ought not to subject him to punishment, as would be 
the case were a machine an object of punishment, 
for having performed such and such a motion ; the 
king was so provoked at this representation, that he 
gave orders to banish Wolff from Halle, with certifi- 
cation, that if he was found there at the end of 
twenty-four hours, he should be hanged up. The 
philosopher upon this took refuge at Marburg, where 
I conversed with him soon after. 
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But the partisans of this system have always 
maintained that the pre-established harmony by no 
means encroached on human liberty. They admit 
that the exterior actions of men are necessary effects 
of the organization of the body, and that, in this 
respect, they take place as necessarily as the mo- 
tions of a watch : but thaj the mental determination 
enjoyed perfect liberty : that these may be deserving 
of punishment, though the corporeal action was 
necessary ; that the criminality of an action consists 
less in the act, or motions of the body, than in the 
resolution or intention of the soul, which remains 
entirely free. Let us conceive, say they, the soul 
of a thief, determining, at a certain time, to commit 
8 robbery : God, having foreseen this intention, nas 
provided it with a body, organized in such a manner 
as to produce, precisely at the same time, the mo- 
tions requisite for the commission of this robbery: 
the action, say they, is itself the necessary effect 
of the organization of the body, but that the in- 
tention of the thief is a free act of his soul, which 
is not, on that account, less culpable and less pun- 
ishable. 

Notwithstanding this reasoning, the supporters of 
the system of pre-established harmony will always 
find themselves very much embarrassed to maintain 
the liberty of the determination of the soul. For, 
according to them, the soul is itself similar to a ma- 
chine, though of a nature totally different from that 
of the body ; the representations produced in it are 
occasioned by those which precede, and these again 
by others anterior to them, and so on, so that they 
follow each other as necessarily as the motions Of 
a machine. In fact, say they, men act always from 
certain motives, founded on the representations of 
the soul, which succeed each other, conformably to 
its state. 

You will recollect that, according to this system, 
the soul derives no one idea from the body, not 
Aa2 
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being in any real connexion with it ; hat all from its 
own proper fund. Present ideas flow from those 
which preceded, and are a necessary consequence 
of them ; so that the soul is nothing less than master 
of its own ideas, which generates its resolutions, and 
which are therefore as little under its power; and 
consequently all its actions are founded on its pres- 
ent state — that on the immediately preceding, and 
so on, are a necessary effect of the first state in 
which it was created, over whicfy it certainly could 
have no power, and of consequence could not be free. 
In depriving men of their liberty, all their actions 
become necessary, and can no longer be considered 
as either right or criminal. 

No one of these philosophers has hitherto been 
able to remove these difficulties ; and their adversa- 
ries have a right to object to them, that this opinion 
is subversive of all morality, and makes every crime 
which men commit to recoil on God himself, which 
is undoubtedly the grossest impiety. We must not, 
however, load them with the imputation of such 
consequences, though they flow very naturally from 
their principles. The article of liberty is a stum- 
bling-block in philosophy ; and it is extremely diffi- 
cult to steer clear of the dangers which press on all 
sides. 

13th December, 1760. 



LETTER LXXXV. 

Of the Liberty of Spirits ; and a Reply to Objections 
against Liberty, 

. Thb greatest difficulties on the subject of liberty, 
fcren those which appear insurmountable, arise from 
want of distinguishing with sufficient attention be- 
tween the nature of spirit and that of body. The 
Wolffian philosophers even go so far as to prtsptrite 
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«nd the elements of body on the same footing, and 
give to both the one and the other the name of 
monads, the nature of which, according to them, con- 
sists in the power of changing their state ; from 
whence result all the changes in bodies, and all the 
representations and actions of spirits. 

Since, then, in this system, the actual state of 
bodies and of spirits derives its determination from 
that which immediately preceded, and as the actions 
of spirits are derived, like those of bodies, from 
their preceding state, it is evident that liberty is no 
more an attribute of spirit than it is of body. As 
to * body, it is impossible to conceive the least 
shadow of liberty in it ; for liberty always supposes 
the power of committing, of admitting, or of sus- 
pending an action, and this is directly opposite to 
all that passes in body. Would , it not, then, be 
ridiculous to expect that a watch should point to 
any other hour than what it actually does, and to 
think of punishing it on that account? Would it 
not l>e absurd to fly into a passion at a puppet, be* 
cause, after several other gestures, it had turned its 
back to us ? v 

AH the changes which take place in bodies, and 
which ^re all reducible to their state of rest, or of 
motion, are the necessary consequence of the powers 
which act upon them ; and their action once ad- 
mitted, no changes in bodies can take place but pre- 
cisely such as do take place : what respects body, 
therefore, is an object of neither praise nor blame. 
However ingeniously a piece of mechanism may be 
constructed, the commendation which we bestow 
upen it reverts to the artist ; the machine itself has 
no interest in what passes ; the artist, too, is alone 
responsible for the defects of a clumsy and awkward 
machine; the machine itself is perfectly innocent 
While, therefore, the inquiry is restricted to bodies, 
they are clearly in no respect responsible; no re- 
ward* AO punishment can possibly attach to th&wk\ 
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«U the changes and motions produced in them aie 
the necessary consequences of their structure. 

But spirits are of a very different nature, and their 
actions depend on principles directly opposite. Lib. 
«rty, entirely excluded from the nature of body, is 
the essential portion of spirit to such a degree that 
without liberty a spirit could not exist ; and this it 
as which renders it responsible for its actions. This 
property is as essential to spirit as extension or im- 
penetrability is to body ; and as it would be impos- 
sible for the Divine Omnipotence itself to divest 
body of these qualities, it would be equally impos- 
sible for it to divest spirits of liberty. A spirit with- 
out liberty would no longer be a spirit, as a body 
without extension would no longer be a body. 

It has in all ages been a subject of eager inquiry 
among philosophers, how God could have permitted 
sin to enter into the world? Had they reflected 
that the souls of men are beings necessarily free 
from their very nature, the controversy would have 
been easily settled. 

The objections commonly made to human liberty 
are these : a spirit, it is said, or a man, is never de- 
termined to an action but from motives ; and after 
having carefully weighed the reasons on both sides, 
he finally decides in favour of that which he deems 
the preferable. Hence they conclude that motives 
determine the actions of men, just as the motion 
4>f a ball on the billiard-table is determined by the 
stroke impressed upon it, and that the actions of 
men are no more free than the motion of the ball. 
But it must be considered that the motives which 
•engage a man to undertake any enterprise refer 
•very differently to the soul from what the stroke 
•does to the ball. The stroke produces its effect 
necessarily but a motive, however powerful, pre- 
vents not the action from being voluntary. I nad 
very powerful motives to undertake a journey to 
Magdeburg*— a regard to my pfotnise— the prospect 
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of enjoying the felicity of paying my respects to 
your highness ; but I am perfectly sensible, at the 
same time, that I was not forced to it ; and that it 
was entirely in my own power to take that journey, 
or to have remained at Berlin. But a body impelled 



affirmed that it was at liberty to obey or not as it 
pleased. 

The motive which determines a spirit to regulate 
its resolves is or a nature wholly different from a 
cause or force acting upon body. Here the effect is 
produced necessarily, and there the effect remains 
always voluntary, and the soul has power over it. 
On this is founded the tmpvtabUity of the actions of 
a spirit, which makes it responsible for them, and 
which is the true foundation of right and wrong. 
As- soon as we have settled this infinite difference 
between spirit and body, the question respecting 
liberty presents very little difficulty. 



im December 1760. - . 

, LETTER LXXXVI. 
The same Subject continued, , 

Tbc difference which I have just established be- 
tween the motives conformably to which spirits act, 
-and the causes or powers which act on bodies, dis- 
covers to us the true foundation of liberty. 

Imagine a puppet so artfully constructed with 
wheels and springs as to be able to approach my 
pocket and to pick out my watch without my per- 
ceiving it. This action, being a necessary conse- 
quence of the organization of the machine, could 
. not be considered as a robbery ; and I should ren- 
der myself ridiculous if I got into a passion at it, 
and insisted on having the machine hanged. Every 
one would say that the puppet was innocent, and 




sssarily obeys, and it cannot be 
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incapable of committing' a blameable action; it 
would be, besides, equally indifferent to the puppet 
to be hanged or placed on a throne. But if the 
artist had contrived this machine on purpose to 
steal and to enrich himself by such means, however 
much I might admire the ingenuity displayed on the 
mechanism, I should reckon myself obliged to bring 
him to justice as a thief. It follows, then, that even 
in this case the criminality reverts upon an intelli- 
gent being, or a spirit, and that spirits alone ate 
responsible for their, actions. 

Let every man examine his own actions, and he 
will always find that he was not forced into them, 
though he might be induced by motives! If his ac- 
tions are commendable, he is perfectly conscious 
of meriting the praises bestowed upon him. How- 
ever he might be deceived in his other judgments, 
he cannot in this case ; the sentiment of his liberty 
is so intimately connected with that liberty itself 
that they are inseparable. It is possible to enter- 
tain a doubt where the liberty of another is con- 
cerned, but it is impossible ever to be deceived re- 
specting one's own. A clown, for example, on 
seeing the puppet above described, might easily 
imagine it to be a real thief, and that it likewise was 
a free agent: in this he would be mistaken; but 
with respect to his own liberty it is impossible for 
him to mistake ; as he deems himself free, he is so 
in fact. It might likewise happen that the clown in 
question, undeceived as to the puppet, should after- 
ward consider a dexterous thief as a machine, des- 
titute of all sentiment and of liberty : here he would 
fall into the opposite error ; but as to his own ac- 
tions he will never be mistaken. 

It would therefore be ridiculous to affirm that it 
might be possible for a watch to imagine that its 
hand turned freely, and to believe that it now points 
to nine because it pleases to do so, but could point 
to any other hour if it thought proper: the watch 
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would undoubtedly deceive itself. But the whole 
supposition is manifestly absurd. You must first 
ascribe to the watch sentiment and imagination, and 
accordingly suppose it a spirit or soul, which neces- 
sarily implies liberty ; and afterward consider it as 
a mere machine, divested of liberty, which is a 
manifest contradiction. 

Another objection, however, is started against 
liberty, founded on the Divine prescience. God, it is 
said* foresaw from all eternity every resolution which 
I should form, and every action which I should do 
during every instant of my life. If God foresaw 
I should just now continue to write, that I should 
by-and-by lay down my pen, and rise to take a 
walk, my action would be no longer free, for I am 
under the necessity of writing, of laying down the 
pen, and of rising to walk ; and it would be impos- 
sible for me to act otherwise, as it was impossible 
God should be deceived in what he foresees. 

The reply is obvious. Because God foresaw, 
from all eternity, that I should perform, on such a 
day, such an action, it does not follow that I shall 

Serform it because God foresaw it. For it is evi- 
ent that it ought not be alleged, in the cause sup- 
posed, that 1 go on to write, because God foresaw I 
should go on to write ; but, on the contrary, as I 
judge it proper to go on to write, God foresaw that 
I would do so. Thus the prescience of God by no 
means encroaches on my liberty ; and all my actions 
remain equally at liberty, whether God foresaw 
them or not. 

Some, however, in the view of supporting liberty, 
have gone so far as to deiry the Divine prescience ; 
but you will have little difficulty in detecting the 
falsehood of this opinion. Is it so surprising that 
the Supreme Being, who is acquainted with all my 
propensities, should be able to foresee the effect 
which every motive will produce on my soul, and, 
consequently* all the resolutions which I stall toc«k 
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in conformity to these effects, when simple mortals, 
such as we are, frequently exercise a similar pie* 
science! You can easily imagine to yourself t 
man extremely covetous, who has a fair opportunity 
of making a considerable advantage. You know 
for certain he will not fail to avail himself of it. 
Your knowledge of this, however, has no influence 
upon the man ; he goes into it with the full deter- 
mination of his own mind, as if you had never spent 
a thought upon him. Now, as XJod is infinitely 
better acquainted with men, and all their dispositions, 
it is not to be doubted that he could have foreseen 
their actions, in all situations. The prescience of 
God, with respect to the free actions of spirits, is 
nevertheless founded on another principle titan that 
of the changes which must take place in the corpo- 
real world, where all is under the power of necessity. 
This distinction shall be the subject of my next Letter. 
20th December, 1760. 

LETTER LXXXVIL 

Influence of the Liberty of Spirits upon Events, 

Ir the world contained bodies only, and if the 
changes which take place in it were necessary con- 
sequences of the laws of motion, conformably to 
the powers with which they act upon each other, 
all events would be necessary, and would depend on 
the first arrangement which the Creator had estab- 
lished of the bodies of the universe ; so that this 
arrangement once established, it should be impos- 
sible for other events afterward to take place than 
those which happen in the actual order, of things. 
The world , would undoubtedly be in this case a 
mere machine, similar, to a watch, which, once 
wotmd up, afterward produces all the motions by 
which: we measure time. 
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Imagine to yourself a musical clock; such a 
clock once regulated, all the motions which it^er* 
forms, and the airs which it plays, are produced in 
virtue of its construction, without any fresh appli- 
cation of the hand of the master, and in that case 
we say it is done mechanically. If the artist touches 
it, by changing the notch, or the cylinder, which 
regulates the airs, or by winding it up, it is an ex- 
ternal action, which, not being founded on the organ- 
isation of the machine, no longer appertains to it. 
And if God, as Lord of the universe, should change 
immediately any thing in the course .of successive 
events, this change would no longer appertain to 
the machine : it would then be a miracle, 

A miracle, consequently, is an immediate effect 
of the divine Omnipotence, which could not have 
taken place had God left the machine of the uni- 
verse freely to take its course. Such would be 
the state of the universe if it contained bodies only; 
in that case it might be said, that all events take 
place in it from an absolute necessity, each of them 
being a necessary effect of the structure of the 
universe ; unless it pleased God to work miracles. 

The same thing would happen, on admitting the 
system of pre-established harmony, though it allows 
the existence of spirits ; for, according to this sys- 
tem, spirits do not act upon bodies, but these per- 
form all their motions and actions only in virtue of 
their structure, once established; so that when I 
raise my arm, this motion is an effect as necessary 
of the organization of my body as that of the 
wheels in a watch. My «oul in no respect con* 
tributes to it ; it is God Vrtyo, from the beginning, 
arranged the matter, so that the action of my body 
must necessarily result from it, at a certain time, 
and raise the arm at the instant that my soul willed 
it. Thus, my soul has no influence upon my body, 
any more than upon those of other men and of ani- 
mals; and, consequently, according to this system, 

Vol. I.— B b 
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the universe is merely corporeal, and events are a 

necessary effect of the primitive organization which 
God has established in the universe. 

But if we allow to the souls of men and of animals 
the power of producing motion in their bodies, 
which their organization alone would not have pro- 
duced, the system of the universe is not a mere 
machine, and events do not necessarily take place 
as in the preceding case. 

The universe will present events of two kinds ; 
the one, those over which spirits have no manner 
of influence, which are corporeal, or dependent on 
the machine, as the motion and phenomena of the 
heavenly bodies ; these take place as necessarily as 
those of a watch, and depend entirely on the primi- 
tive establishment of the universe. The others 
depend on the soul, united to the body of men and 
animals, and are no longer necessary, as the pre- 
ceding, but result from the liberty, as from the will, 
of these spiritual beings. 

These two kinds of events distinguish the universe 
from a mere machine, and raise it to a rank infinitely 
more worthy of the Almighty Creator who formed 
it. The government of this universe will likewise 
ever inspire us with the most sublime idea of the 
sovereign wisdom and goodness of God; 

It is certain, therefore, that liberty, which is ab- 
solutely essential to spirits, has a very great influ- 
ence on the events of the world. You have only to 
consider the fatal consequences of these wars, 
which all result from human actions, determined by 
their will or their caprice. 

It is likewise certain, at the same time, that the 
events which take place do not depend only on the 
will of men and animals. Their power is very 
limited, being restricted to a small portion of the 
brain, in which all the nerves terminate ; and this 
action is confined to the communication of an im- 
pression of a certain motion on the members, which 
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may afterward operate on other bodies, and these 
again on others, so that the slightest motion of my 
body may have a great influence on a multitude of 
events. 

Man, however, though master of the first motion 
of his body which occasions these events, is not so 
of the consequences of his actions. These depend 
on so many circumstances, that the most sagacious 
mind is incapable of foreseeing them : accordingly, 
we every day see the best concerted projects failing, 
Bat it is here that we must acknowledge the govern- 
ment and providence of God, who, having from all 
eternity foreseen all the counsels, the projects, and 
the voluntary actions of men, arranged the corporeal 
world in such a manner that it brings about, at' all 
times, circumstances which cause those enterprises 
to fail or to succeed, according as his infinite wisdom 
judges to be most fit. God thus remains absolute 
sovereign of all events, notwithstanding the liberty 
of men, all whose actions, though free, are from the 
beginning part of the plan which God intended to 
execute when he created this universe. 

This reflection plunges us into an abyss of wonder 
and adoration at the infinite perfections of the Crea- 
tor ; while we Consider that there is nothing so mean 
in itself as not to be, from the beginning of the world, 
an object worthy of entering into the original plan 
which God proposed to himself. 

23d December, 1760. 



LETTER LXXXVIII. 

Of Events, Natural, Supernatural, and Moral. 

In common life we carefully distinguish events 
produced by corporeal causes from those in which 
men and animals co-operate. Those of the former 
description are denominated natural events, or pro- 
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duced by natural causes ; such are the phenomena of 
the heavenly bodies, eclipses, tempests, whirlwinds, 
earthquakes, &c. These are called natural phe- 
nomena, because it is understood that neither men 
nor animals are active in the production of them. 

If we see a tree torn up by the roots, through the 
violence of the wind, we call it a natural effect ; but 
if it were done by the strength of man, or the pro- 
boscis of an elephant, no one would call this a 
natural effect. When our plains are deluged by an 
inundation, or destroyed by the hail, we say the 
cause of this calamity was natural ; but if the* mis- 
chief were done by the invasion of an enemy, we 
would no longer deem the cause of it to be natural. 
' If such an evil were to be produced by a miracle, 
or by the immediate power of God, we would say 
the cause of it was supernatural; but if the event 
were occasioned by men or animals, we would not, 
in that case, give it the name of either natural or 
supernatural. We would characterize such an event 
simply by the name of action, which denotes an 
effect that is neither natural nor supernatural, ft 
might with greater propriety be denominated moral, 
as it depends on the liberty of. an intelligent agent. 

Thus, when Quintus Curtius gives us a detail of 
the actions of Alexander the Great, he communicates 
to us the knowledge of the events brought about by 
the voluntary determinations of that hero. Such 
an action always supposes freedom of resolution in 
a spiritual being ; a power of determination which 
depends upon his will, and of which he is master. 
I say, of which he is master ; for there is a great 
variety of motions, the production of which, were 
we to determine to will them ever so much, we 
should not, however, be obeyed, because over such 
movements we have no power. 

I am not master even of all the motions performed 
in my own body ; that of my heart and of my blood 
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hi not subject to my power, or to the empire of my 
soul, as the action which I perform when I write 
this letter. There are other motions which partake 
of the nature of both these, such as respiration, 
which it is in my power to accelerate or to retard 
to a certain degree, but of which I am by no means 
the absolute master. 

Language is not sufficiently rich to express, by 
one appropriate term, all these different kinds of 
events. There are some produced by natural causes 
merely, and which are necessary consequences of ^ 
the arrangement of bodies in the universe ; and as * 
these necessarily come to pass, the knowledge of 
this arrangement enables us to foretel a great number 
of them, such as the situation of the heavenly bodies, 
eclipses, and other phenomena depending on them, 
for any riven time whatever. There are other 
events which depend only on the will of free and 
spiritual beings, as the actions of every man and of 
every animal. It is impossible for us to foresee any 
thing of these, in particular, unless by conjecture 
merely ; and in this we are frequently very grossly 
mistaken. God alone possesses this knowledge in 
a supreme degree. 

From these two kinds of events there arises a 
third, in which natural causes concur with such as 
are voluntary, and dependent on a being exercising 
its liberty. Of this the billiard-table furnishes an 
example. The strokes impressed on the balls de- 
pend on the will of the players ; but as soon as motion 
is communicated to them, the continuation of that 
motion, and their collision with each other, or with 
the cushion, are necessary consequences of the la ws 
of motion. 

In general, most of the events which take place on 
the earth must be referred to this species, as there 
are scarcely any over which men and animals have 
not some influence. The cultivation and produce 
of our fields require, in the first instance, the volinv 
Bb2 
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tary exertions of men or beasts ; bat the sequel is 

an effect of causes purely natural. It is accordingly 
of importance to remark, that God acts in a manner 
totally different towards bodies and spirits. God has 
established for bodies laws of rest and motion, con* 
formably to which all changes necessarily take place ; 
as bodies are merely passive beings, which preserve 
themselves in their state, or necessarily obey im- 
pressions made upon them by others, as I formerly 
explained ; whereas spirits are susceptible of no force 
or constraint, but are governed of God by precepts 
and prohibitions. 

With respect to bodies, the will of God is always 
perfectly accomplished ; but with respect to spiritual 
beings, such as men, the contrary very often hap- 
pens. When it is said to be the will of God that 
men should love one another, we mean by that ex- 
pression a commandment which men ought to obey ; 
out this is very far from being the case. God does 
not force men to it, for this would be contrary to 
the liberty which is essential to them ; but He en- 
deavours to engage men to the observance of this 
commandment, by proposing to them motives the 
most powerful ; but it always depends on the will 
of man whether he is to obey or not. In this sense 
we are to understand the will of God, when it refers 
to the free actions of spiritual beings. 

21th December, 1760. 



LETTER LXXXIX. 

Of the Question respecting the best World possible; 

and of the Origin of Evil. 

You know well, that it has been made a qnestiot 
Whether this world be the best possible 1 It canm 
be doubted, that the world perfectly corresponds 
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the plan which God proposed to himself when he 
created it. 

As to bodies and material productions, their ar- 
rangement and structure are such, that certainly they 
could not have been better. Please to recollect the 
wonderful structure of the eye, and you will see the 
necessity of admitting that the conformation of all 
its parts is perfectly adapted to fulfil the end in view, 
that of representing distinctly exterior objects. How 
much address is necessary to keep up the eye in 
that state, during the course of a whole life ? The 
juices which compose it must be preserved from 
corruption ; it was necessary to make provision that 
they should be constantly renewed and maintained 
in a suitable state. 

A structure equally marvellous is observable in all 
the other parts, of our bodies, in, those of all animals, 
and even of the vilest insects. And the structure of 
these last is so much the more admirable, on account 
of their smallness, that it should perfectly satisfy all 
the wants which are peculiar to each species. Let 
us examine only the sense of seeing in these insects, 
by which they distinguish objects so minute, and so 
near, as to escape our eyes, and this examination 
alone will fill us with astonishment. 

We discover the same perfection in plants ; every 
thing in them concurs to their formation, to their 
growth, and to the production of their flowers, of 
their fruits, or of their seeds. What a prodigy, to 
behold a plant, a tree, spring from a small grain cast 
into the earth, by the help of the nutritious juices 
with which the soil supplies it ! The productions 
found in the bowels of the earth are no less wonder- 
( ful : every part of nature is capable of exhausting 
our utmost powers of research, without permitting 
us to penetrate all the wonders of its construction. 
Nay, we are utterly lost, while we reflect how every 
substance— earth, water, air, and fire — concur in thi 
production of all organized bodies ; and finally^ bo« 
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the arrangement of all the heavenly bodies is so 
admirably contrived as perfectly to fulfil all these 
particular destinations. 

After having reflected in this manner, it win be 
difficult for you to believe, that there should have 
been men who maintained, that the universe was 
the fftect of mere chance, without any design. But 
there always have been, and there still are, persons 
of this description ; those, however, who Have a solid 
knowledge of nature, and whom fear of the justice 
of God does not prevent from acknowledging Him, 
are convinced, with us, that there is a Supreme Being 
who created the whole universe, and, from the re- 
marks which I have just been suggesting to yon 
respecting bodies, every thing has been created in 
the highest perfection. 

As to spirits, the wickedness of man seems to be 
an infringement of this perfection, as it is but too 
capable of introducing the greatest evils into the 
world ; and these evils have, at all times, appeared 
incompatible with the sovereign goodness of God. 
This is the weapon usually employed by infidels 
against religion, and the existence of God. If God, 
say they, was the author of the world, He must also 
be the author of the evil which it contains, and of 
the crimes committed in it. 

This question, respecting the origin of evil — the 
difficulty of explaining how it can consist with the 
sovereign goodness of God, has always greatly per- 

Slexed philosophers and divines. Some have en- 
eavoured to give a solution, but it has satisfied only 
themselves. Others have gone so far as to maintain 
that God was, in fact, the author of moral evil, and 
of crimes ; always protesting, at the same time, that 
this opinion ought to bring no imputation on the 
goodness and holiness of God. Others, finally, con- 
sider this question as a mystery which we cannot 
comprehend ; and these last, undoubtedly, have em- 
braced the preferable sentiment 
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God is supremely good and holy ; He is the author 
of the world, and that world swarms with crimes 
and calamities. These are three truths which it is 
apparently difficult to reconcile ; but, in my opinion, 
a great part of the difficulty vanishes as soon as we 
hare formed a just idea of spirit, and of the liberty 
so essential to it that God himself cannot divest it 
of this quality. 

God having created spirits, and the souls of men, 
I remark, first, that spirits are beings infinitely more 
excellent than bodies ; and, secondly, that, at the 
moment of creation, spirits were all good : for time 
is requisite to the formation of evU inclinations: 
there is, therefore, no difficulty in affirming that God 
created spirits. But it being the essence of spirits to 
be free, and liberty not being capable of subsisting 
without a power to sin, to create a spirit possessed 
of the power of sinning has nothing inconsistent 
with divine perfection, because a spirit could not be 
created destitute of that power. 

God has, besides, done every thing to prevent 
crimes, by prescribing to spirits precepts, the ob- 
servance of which must always render them good 
and happy. There is no other method of treating 
spirits, which cannot be subject to any constraint ; 
and if some of them have abused their liberty, and 
transgressed these commandments, they are respon- 
sible for it, and worthy of punishment, without any 
impeachment of the Deity. 

There remains only one objection more to be con* 
sidered — namely, that it would have been better not 
to create such spirits, as God foresaw they must 
sink into* criminality. But this far surpasses human 
understanding ; for we know not whether the plan 
of the world could subsist without them. We know, 
on* the contrary, by experience, that the wickedness 
of some men frequently contributes to the correc- 
tion and amendment of others, and thereby conducts 
them to happiness. This consideration alone is. 
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sufficient to justify the existence of eril spirits. 
And as God has all power over the consequences 
of human wickedness, every one may rest assured, 
that in conforming to the commandments of God, all 
events which come to pass, however calamitous they 
nay appear to him, are always under the direction 
of Providence, and finally terminate in his true hap- 
piness. 

This providence of God, which extends to every 
individual in particular, thus furnishes the most 
satisfactory solution of the question respecting the 
permission and the origin of evil. This likewise is 
the foundation of all religion, the alone " object of 
which is to promote the salvation of mankind."* 

ZOth December, 1760. 



LETTER XC. 

Connexion of the preceding Considerations with Reli- 
gion. Reply to the Objections of the Philosophical 
Systems against Prayer. 

Before I proceed farther in my lessons on phi- 
losophy and physics, I think it my duty to point out 
to you their connexion with religion. 

However extravagant and absurd the sentiments 
of certain philosophers may be, they are so obsti- 
nately prepossessed in favour of them, tVat they 
reject every religious opinion and doctrine which 
is not conformable to their system of philosophy. 
From this source are derived most of the sects and 
heresies in religion. Several philosophical systems 

* It in remarkable that a writer who so fatly recognises the providence 
of an all-wise Creator, and who appears to refer to the Bible when bt 
says, M God has done every thing to prevent crimes, by prescribing ts 
spirits precepts, the observance of which must always render them good 
and happy," should, in reference to the origin of evil, neglect altogether 
the cause assigned (or it in more inspired writings. Every attempt H 
elucidate this subject by mere philosophical reasoning, independent of d* 
authority of the Bible, must, we apprehend, utterly foil.— Am. Ed. 
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are really contradictory to religion ; but in that case 
divine truth ought surely to be preferred to the reve- 
ries of men, if the pride of philosophers knew what 
it was to yield. Should sound philosophy some- 
times seem in opposition to religion, that opposition 
is more apparent than 1 real ; and we must not suffer 
ourselves to be dazzled with .the speciousness of 
objection. 

I begin with considering an objection which al- 
most ail the philosophical systems have started 
against prayer. Religion prescribes this as our 
duty, with an assurance that God will hear and an- 
swer our vows and prayers, provided they are con- 
formable to the precepts which he has given us. 
Philosophy, on the other hand, instructs us that ail 
events take place in strict conformity to the course 
of nature, established from the beginning, and thai 
our prayers can effect no change whatever ; unless 
we pretend to expect that God should be continually 
working miracles, in compliance with our prayers. 
This objection has the greater weight, that religion 
itself teaches the doctrine of God's having estab- 
lished the course of all events, and that nothing can 
come to pass but what God foresaw from all eter- 
nity. Is it credible, say the objectors, that God 
should think of altering this settled course, in com- 
pliance with any prayers which men might address 
to him ? „ 

But I remark, first, that when God established the 
course of the universe, and arranged all the events 
which must come to pass in it, he paid attention to 
all the circumstances which should accompany each 
event; and particularly to the dispositions, to the 
desires, and prayers of every intelligent being ; and 
that the arrangement of all events was disposed in 
perfect harmony with all these circumstances. 
When, therefore, a man addresses to God a prayer 
worthy of being heard, it must not be imagined that 
such a prayer came not to the knowledge of God till 
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the moment it was formed. That prayer was al- 
ready heard from all eternity ; and if the Father of 
Mercies deemed it worthy of being answered, he ar- 
ranged the woild expressly in favour of that prayer, 
so that the accomplishment should be a consequence 
of the natural course of events. It is thus that God 
answers the prayers of men without working a 
miracle. 

The establishment of the course of the universe, 
fixed once for all, far from rendering prayer unneces- 
sary, rather increases our confidence, by conveying 
to us this consolatory truth, that all our prayers have 
been already, from the beginning, presented at the 
feet of the throne of the Almighty, and that they 
have been admitted into the plan of the universe, as 
motives conformably to which events were to be 
regulated, in subserviency to the infinite wisdom of 
the Creator. . 

Can any one believe that our condition would be 
better if God had no knowledge of our prayers be- 
fore we presented them, and that He should then be 
disposed to change in our favour the order of the 
course of nature ? This might well be irreconcila- 
ble to his wisdom, and inconsistent with his adorable 
perfections. Would there not, then, be reason to 
say that the world was a very imperfect work "? that 
God was entirely disposed to be favourable to the 
wishes of men ; but not having foreseen them, was 
reduced to the necessity of every instant interrupt- 
ing the course of nature, unless He were determined 
totally to disregard the wants of intelligent beings, 
which, nevertheless, constitute the principal part of 
the universe t For to what purpose create this ma- 
terial world, replenished with so many great won- 
ders, if there were no intelligent beings, capable of 
admiring it, and of being elevated by it to the adora- 
tion of God, and to the most intimate union with 
their Creator, in which, undoubtedly, their highest 
felicity consists ? 
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Hence, it must absolutely be concluded, that in- 
telligent beings and their salvation must have been 
the principal object, in subordination to which God 
regulated the arrangement of this world; and we 
have every reason to rest assured that all the events 
which take place in it are in the most delightful 
harmony with the wants of all intelligent beings, 
to conduct them to their true happiness ; but with- 
out constraint, because of their liberty, which is as 
essential to spirits as extension is to body. There 
is therefore no ground for surprise that there 
should be intelligent beings which shall never reach 
felicity. 

In this connexion of spirits with events consists 
the Divine Providence, of which every individual 
has the consolation of being a partaker ; so that 
every man may rest assured that, from all eternity, 
he entered into the plan of the universe. How 
ought this consideration- to increase our confidence 
and our joy in the providence of God, on which all 
religion is founded! You see, then, that on this 
Bide religion and philosophy are by no means at 
Tariance. 

Zd January \ 1761. 



LETTER XCI. 

The Liberty of Intelligent Beings in Harmony with the 
Doctrines of the Christian Religion. 

Liberty is a quality so essential to every spiritual 
being, that God himself cannot divest them or it, just 
as He cannot divest a body of its extension, or of its 
inertia, without entirely destroying or annihilating 
it : to divest a spirit of liberty, therefore, would be 
the same thing as to annihilate it. This must be 
understood of the spirit or soul itself, and not of the 
actions of the body which the soul directs in. <sh*- 

Vol. I.— C c 
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formity to its will. If you would prevent me from 
writing, you have but to bind my hands — to write is 
undoubtedly an exercise of liberty ; but then, though 
you may say that you have deprived me of the liberty 
of writing, you have only deprived my body of the 
faculty of obeying the dictates of my soul. Bind 
me ever so hard, you cannot extinguish in my spirit 
an inclination to write ; all you can tlo is to prevent 
the execution of it. 

We must always carefully distinguish between 
inclination, or the act of willing, and execution, 
which is performed by the ministration of the body. 
The act of willing cannot be restrained by an ex- 
terior power, not even by that of Cod ; for liberty 
is independent of all exterior force. But there are 
means of acting on spirits, by motives which have a 
tendency, not to constrain, but to persuade. Let a 
man be firmly determined to engage in any enter- 
prise, and let us suppose the- execution of it pre- 
vented ; without making any change in his inten- 
tion, or will, it might be possible to suggest motives 
which should engage him to abandon his purpose, 
without employing any manner of constraint : how- 
ever powerful these motives may be, he is always 
master of his own will ; it never can be said that he 
was forced or constrained to it, at least the expres- 
sion would be improper; for the proper term is per- 
suade, which is so suitable to the nature and the 
liberty of intelligent beings, that it cannot be applied 
to any other. It would be very ridiculous, for ex- 
ample, in playing at billiards, to say that I persuaded 
the ball to run into the hazard. 

This sentiment respecting the liberty of spirits 
appears, however, to some persons contrary to the 
goodness or the power of the Supreme Being. Lib- 
erty, from its very nature, can submit to no degree 
of constraint, even on the part of God. But without 
exercising any constraint over spirits, God has an 
infinite variety of means of presenting them with 
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persuasive motives ; and I believe that all possible 
cases are adapted by Providence to our condition, 
in such a manner that the most abandoned wretches 
might derive from them the most powerful motives 
to conversion, if they would but listen to them : and 
that a miracle would not produce a better effect on 
these vicious spirits; they might be affected by it 
for a season, but would not become better. It A 
thus that God co-operates in our conversion, by fur- 
nishing us with motives the most efficacious, and by 
the circumstances and opportunities which His provi- 
dence supplies. 

If, for example, a man who hears an awakening 
sermon is affected by it, repents, and is converted, 
the act of his soul is evidently his own work ; but 
the occasion of the sermon, which he was so happy 
as. to hear precisely at the time when he was dis- 
posed to profit by it, was nothing less than His work ; 
the Divine Providence overruled that circumstance, 
so salutary to him. In fact, without the oppor- 
tunity, over which the man, had no powor, he would 
have persisted in a sinful course. 

Hence you will easily comprehend the meaning 
of such expressions as these : " Man can do nothing 
of himself; all depends on divine grace: it is God 
that worketh to will and to do. 11 The favourable 
circumstances which Providence supplies to men 
are sufficient tp elucidate these expressions, without 
having recourse to a secret force, which acts bv con- 
straint on human liberty; as these circumstances 
are directed of God, in conformity to the most con- 
summate wisdom, in the view of conducting every 
intelligent being to happiness and salvation, unless 
he wilfully rejects the means by which he might 
have attained true felicity.* 

toth January, 1761. 

* The reader must look in rain im fhte letter for any account of U* 
Chrlfltian religion announced in \t» caption.— Am. Ed. 
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LETTER XCn. 

Elucidation respecting the Nature of Spirits. 

• In order more clearly to elucidate what I hare 
just said respecting the difference between body and 
spirit— for it is impossible to be too attentive to what 
constitutes that difference, as it extends so far, that 
spirit has nothing in common with body, nor body 
with spirit — I think it necessary to subjoin the fol- 
lowing reflections : 

Extension, inertia, and impenetrability are the 
properties of body: spirit is without extension, 
without inertia, without impenetrability. All phi- 
losophers are agreed that extension cannot have 
place in respect of spirit. It is a self-evident truth, 
for every thing extended is divisible, and you can 
form the idea of its parts ; but a spirit is susceptible 
of no division ; you can have no conception of its 
half, or of its third part. Every spirit is a complete 
being, to the exclusion of all parts ; it cannot then 
be affirmed that a spirit has length, breadth, or 
thickness. In a word, all that we conceive of ex- 
tension must be excluded from the idea of a spirit. 

It would appear, therefore* that as spirits have no 
magnitude, they must resemble geometrical points, 
the definition of which is, that they have neither 
length, breadth, nor depth. Would it be a very 
accurate idea to represent to ourselves a spirit by a 
mathematical point? The scholastic philosophers 
have professed this opinion, and considered spirits 
as beings infinitely small, similar to the most subtile 
particles of dust, but endowed with an inconceivable 
activity and agility, by which they are enabled to 
transport themselves in an instant to the greatest 
distances. They maintained, that in virtue of this 
extreme minuteness, millions of spirits might be 
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enclosed in the smallest space ; they t^bn made it a 
question, How many spirits could dance on the point 
pf a needle I 

The disciplesof Wolff are nearly of the same opin- 
ion. According to them, all bodies are composed 
of particles extremely minute, divested of all magni- 
tude — and they give them the name of monads. A 
monad, then, is a substance destitute of all exten- 
sion ; and on dividing a body till you come to par- 
ticles so minute as to be susceptible of no farther 
division, you have got to the Wolffian monad, which 
differs, therefore, from the most subtile particle of 
dust only in this, that the minutest particles of dust 
are not perhaps sufficiently small, and that a farther 
division is still necessary to obtain real monads. 

Now,' according to Mr. Wolff, not only all bodies 
are composed of monads, but every spirit is merely 
a monaa; and the Supreme Being, I tremble as I 
write it, is likewise a monad. This does not convey 
a very magnificent idea of God, of spirits, and of 
, the souls of men. I cannot conceive that my soul 
& y nothing more than a being similar to the last 
particles of a body, or that it is reduced almost to a 
point. It appears to me still less capable of being 
maintained, that several souls joined together might 
form a body, a slip of paper, for example, to tipht a 
pipe of tobacco. But the supporters of this opinion 
go upon this ground, that as a spirit has no magni- 
tude,^ must, of necessity, resemble a geometrical 
point. Let us examine the solidity of their rea- 
soning. 

I remark, first, that as a spirit is a being of a nature 
totally different from that of body, it is absurd to 
apply to it standards, which suppose magnitude, and 
that, consequently, it would be folly to ask how 
many feet or inches long a spirit is, or how. many 
pounds or ounces it weighs. These questions are 
applicable only to things which have length or 
weight, and are as absurd as if, speaking of tuafcoX 
Cc2 
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were to bfrijfed, how many feet long an hour was, 
or how mtrtr pounds it weighed. I can always 
confidently affirm, that an hour is not equal to a line 
of a hundred feet, or often feet, or of one foot, or any 
other standard of measure ; but it by no means fol- 
lows that an hour must be a geometrical point. An 
hour is of a nature entirely different, and it is impos- 
sible to apply to it any standard which supposes a 
length which may be expressed by feet or inches. 

The same thing holds good as to spirit. I can 
always boldly affirm, that a spirit is not ten feet, nor 
a hundred feet, nor any other number of feet ; but it 
does not hence follow, that a spirit is a point, any 
more than that an hour must be one, because it cannot 
be measured by feet or inches. A spirit, then, is not 
a monad, or in any respect similar to the ultimate 
particles^ into which bodies may be divided ; and you 
are perfectly able to comprehend, that a spirit may 
have no extension, without being, on that account, a 
point or a monad. We must therefore separate every 
idea of extension from that of spirit. 

To ask, In what place does a spirit reside t would 
be, for the same reason, likewise an absurd question, 
for to connect spirit with place is to ascribe exten- 
sion to it. No more can I say in what place an hour 
is ; though assuredly an hour is something; some- 
thing, therefore, may exist without being attached 
to a certain place. I can, in like manner, affirm that 
my soul does not reside in my head, nor out of my 
head, nor in any particular place, without its being 
deduced as a consequence that my soul has therefore 
no existence ; just as it may be with truth affirmed 
of the hour now passing, that it exists neither in my 
bead nor out of my head. A spirit exists, then, 
though not in a certain place ; but if our reflection 
turns on the power which a spirit has of acting upon 
a body, the action is most undoubtedly performed in 
a certain place. 

My soul, then, does not exist in a particular place, 
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but it acts there ; and as God 



the power 



of acting upon all bodies, it is in this itiipect we say 
He is everywhere, though his existence is attached 
to no place. 

10th January, 1761. 



*The Subject continued. Reflections on the State of 
Souls after Death. 

You will probably be surprised at the sentiment 
which I have just now ventured to advance, that 
spirits, in virtue of their nature, are in no place. In 
thus affirming, I shall perhaps be in danger of passing 
for a man who denies the existence of spirits, and 
consequently that of God. But I have already de- 
monstrated, that something may exist, and have a 
reality r without being attached to any one place. 
The example drawn from an hour, though feeble, re- 
moves the greatest difficulties, though there is an 
infinite difference between an hour and a spirit. 

The idea which I form of spirits appears to me 
incomparably more noble than that of those who 
consider them as geometrical points, and who re- 
duce God himself to this class. What can be more 
shocking than to confound all spirits, and the Su- 
preme Being among the rest, with the minutest par- 
ticles into which a body is divisible, and to rank 
them in the same class with these particles, which 
it is not in the power of the learned term monad to 
ennoble ! 

To be in a certain place is an attribute belonging 
only to corporeal things ; and as spirits are of a to- 
tally different nature, it is not a matter of surprise to 
say, that they are not to be found in any place ; and 
I am under no apprehension of reproach tor the era- 
cidatipns which I hare submitted to you <Kv\fcivtrib- 
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ject. It is thm I exalt the nature of spirits infinitely 
above that of bodies. 

. Every spirit is a being that thinks, reflects, rea- 
sons, deliberates, acts freely, and, in one word, that 
lives : whereas body has no other qualities but that 
of being extended, susceptible of motion, and im- 
penetrable; from whence results this universal 
quality, that every body remains in the same state 
as long as there is no necessity of mutual penetra- 
tion, or of their undergoing some change ; and in 
case of the necessity of their penetrating each other, 
if they continued to remain in their state, their im- 
penetrability itself supplies the powers requisite to 
change their state, as far as it is necessary to pre- 
vent all penetration. 

In this consist all the changes which take place in 
bodies : all is passive, and necessarily befalls them 
in conformity to the laws of motion. There is, in 
body, neither intelligence, nor will, nor liberty: 
these are the supereminent qualities of spirits, while 
bodies are not even susceptible of them. 

It is spirit likewise which produces in the cor* 
poreal world the principal events, the illustrious ac- 
tions of intelligent beings, which are all the effect 
of the influence which the souls of men exercise 
upon their bodies. This power, which every soul 
has over its body, cannot but be considered as a gift 
of God, who has established this wonderful union 
between soul and body. And as I find my soul in 
such a union with a certain particle of my body, 
concealed in the brain, it may be said that the seat 
of my soul is in that spot, though, properly speak- 
ing, my soul resides nowhere, and is referable to 
that place of my body only in virtue of its action 
and of its power. 

It is also the influence of the soul upon the body 
which constitutes its life, which continues as long 
as this unison subsists, or as the organization of the 
body remains entire. Death, then, is nothing else 
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but the dissolution of this union, and the soul has no 
need to be transported elsewhere ; for, as it resides 
in no place, all places must be indifferent to it ; and, 
consequently, if it should please God, alter my death, 
to establish a new union between my soul and an 
organized body in the moon, I should instantly be 
in the moon, without the trouble of a long journey. 
And if, even now, God were to grant to my soul a 
power over an organized body in the moon, I should 
dc equally here and in the moon ; and this involves 
no manner of contradiction. It is body only which 
cannot be in two places at once; but there is 
nothing to prevent spirit, which has no relation to 
place, m virtue of its nature, to act at the same time 
on several bodies, situated in places very remote 
from each other ; and in this respect it might be 
said, with truth, that it was in all these places at 
once. ^ 

This supplies us with a clear elucidation of the 
omnipresence of God: it is, that his power extends 
to the whole universe, and to all the bodies which it 
contains. It appears to me, of consequence, an im- 
proper expression, to say that God exists every- 
where, as the existence of a spirit has no relation 
to place. It is more consonant with propriety to 
say, God is everywhere present. 

Let us now compare this idea with that of the 
Wolffians, who, representing Deity under the idea of 
a point, attach Him to one fixed place, as, in fact, a 
point cannot be in several places at once ; and how 
is it possible to reconcile the Divine omnipotence 
with the idea of a point ? 

Death being a dissolution of the union subsisting 
between the soul and body during life, we are en- 
abled to form some idea of the state of the soul after 
death. As the soul, during life, derives all its know- 
ledge through the medium of the senses, being de- 
prived by death of the information communicated 
through the senses, it no longer knows what ia 
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passing in the material world ; this state might, in 
some respects, be compared to that of a man who 
should all at once become blind, deaf, dumb, and 
deprived of the use of all the other senses. Such a 
man would retain the knowledge which he had ac- 
quired through the medium of sense, and might con- 
tinue to reflect on ideas previously formed ; his own 
actions especially might supply an ample store; 
and, finally, the faculty of reasoning might remain 
entire, as the body in no respect whatever contributes 
to its exercise. 

Sleep likewise furnishes us with something like 
an example of this state, as the union between soul 
and body is then in a great measure interrupted; 
though the soul, even in sleep, ceases not from ex- 
erting its activity, being employed in the production 
of what we call dreams. These dreams are usually 
very much disturbed, by the remains of the influ- 
ence which the senses still exercise over the soul ; 
and we know by experience, that the more this in- 
fluence is suspended, which is the case in very pro- 
found sleep, the more regular and connected like- 
wise our areams are. Thus, after death, we will 
find ourselves in a more perfect state of dreaming, 
which nothing shall be able to discompose ; it shall 
consist of representations and reasonings perfectly 
well kept up. And this, in my opinion, is nearly all 
we can say of it, at least with any appearance of 
reason. 

13M January, 1761. 



LETTER XCIV. 

Considerations on the Action of the Soul upon the Body, 
and of the Body upon the Soul. 

As the soul is the principal part of our being, it 
is of high importance thoroughly to investigate its 
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operations. You will please to recollect, that the 
union between the soul and the body contains a two- 
fold influence ; by the one, the soul perceives and 
feels all that passes in a certain part of the brain; 
and by the other, it has the power of acting on that 
same portion of the brain, and of producing certain 
motions in it. 

Anatomists have taken infinite pains to discover 
this part of the brain, which is justly called the seat 
of the soul ; not that the soul actually resides there, 
for it is not confined to any place, but because the 
power of acting is attached to that spot. It may be 
said, that the soul is present there ; but not that it 
exists there, or that its existence is limited to it. 
This part of the brain is undoubtedly that in which 
all the nerves terminate ; now, anatomists tell us 
that this termination is in a certain portion of the 
brain, which they term the callous body. This, 
therefore, we may consider as the seat of the soul ; 
and the Creator has bestowed upon every soul such 
a power over this callous membrane of his body, that 
it not only perceives all that passes there, but is like- 
wise able to produce a reciprocal impression. Here, 
then, we observe a twofold action: the one, by 
which the body acts upon the soul — and the other, 
by which the soul acts upon the body ; but these 
actions are infinitely different from those which 
bodies exercise upon other bodies. 

The soul, from its union with the corpus callosum, 
finds itself intimately connected with the whole body, 
by means of the nerves, which are thence universally 
diffused. Now, the nerves are fibres so wonderfully 
constructed, and to all appearance filled with a fluid 
ao subtile, that the slightest change which they un- 
dergo at one extremity is instantly communicated 
to the other extremity in the brain, where the seat 
of the soul is. And, reciprocally, the slightest im- 
pression made by the soul on the extremities of the 
nerve, in the corpus calhsum, is immediately trans- 



812 ACTION OF THE fOUL ON THE BODY. 



mitted through the whole extent of every nerve; 
and it is thus that the muscles and members of our 
bodies are put in motion, and obey the commands 
of the soul. 

This wonderful structure of the body places it in 
a very close connexion with all exterior objects, 
whether near or remote, which may act upon H, 
either by immediate contact, as in feeling and tast- 
ing, or by their exhalations, as in smelling. Bodies 
at a great distance act on the sense of hearing when 
they make a noise, and exert in the air vibrations 
which strike our ears ; they act likewise upon the 
sight, when they are illumined, and transmit into 
our eyes the rays of light, which consist, in like 
manner, in a certain vibration caused in that me- 
dium much more subtile than the air, which we call 
ether. It is thus that bodies, both near and remote, 
may act upon the nerves of our body, and produce 
certain impressions in the corpus callosum, from which 
the soul derives its perceptions. 

From every thing, therefore, which makes an im- 
pression on our nerves, there results a certain change 
in the brain, of which the soul has a perception, and 
thereby acquires the idea of the object which caused 
it. We have here, then, two things to be exam- 
ined: the one is corporeal, or material, which is the 
impression, or the change produced in the corpus 
callosum of the brain; the other spiritual, namely, 
the perception, or the information, which the soul 
derives from it. It is, if 1 may so express myself, 
from the contemplation of what passes in the corpus 
callosum, that all our knowledge is derived. 

You must permit me to enter into a more par- 
ticular detail on this important article. Let us, first, 
consider one single sense, say that of smelling, 
which, being the least complicated, seems the most 
proper to assist us in our researches. Suppose all 
the other senses annihilated, and that a rose was 
applied to the nose ; its exhalation would at onet 
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excite a certain agitation in the nerves of the nose, 
which thence transmitted to the corpus callosum, will 
occasion there likewise some change ; and in this 
consists the material circumstance which is the sub- 
ject of our investigation. This slight change, pro- 
duced in the corpus callosum, is then perceived by 
the soul, and it thence acquires the idea of the smell 
of arose; and this is the spiritual operation which 
takes place : but wetcannot explain in what manner* 
this is done, as it depends on the incomprehensible 
'union which the Creator has established between the 
body and the soul. 

It is certain, however, that upon this change in 
the corpus callosum, there is excited in the soul tjie 
idea of the smell of a rose, or the contemplation of 
this change furnishes to the soul a certain idea, that 
of the smell of a rose, but nothing more ; for as the 
other senses are suspended, the soul can form no 
judgment of the nature of the object itself which 
suggested this idea — the idea of the smell of a rose 
alone was excited in the soul. Hence we compre- 
hend that the soul does not form this idea of itself, 
for it would have remained unknown but for the 
presence of a rose. But further, the soul is not in- 
different with respect to it; the perception of this* 
idea is agreeable ; the soul itself is somehow inter- 
ested in it. Accordingly, we say that the soul feels 
the. odour of the rose ; and this perception we call 
sensation. 

It is the same with all the other senses ; every 
object by which they are struck excites in the corpus 
callosum a certain change, which the soul observes 
with a sensation agreeable or disagreeable, and from 
which it derives the idea of the object which caused 
it. This idea is accompanied with a sensation so 
much the stronger and more intense, as the impres- 
sion made on the corpus callosum is more lively. It 
is thus that the soul, by contemplating the changes 
produced in the corpus callosum of the brain, acquires 

Vol. I.— D d 
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ideas, and is affected by them ; and this is what we 
understand by the term sensation,* 
Vfth January, 1761. . 



LETTER XCV. 
Of the Faculties of the Soul, and of Judgment. 

Had we no other sense but that of smelling, our 
knowledge would be very limited ; we should then 
have no other sensation than that of odours, the 
diversity of which, were it ever so great, could not 
very much interest our soul; being restricted to 
this, that agreeable smells would procure some de- 
gree of pleasure, and such as are disagreeable would 
excite some disgust. 

But this very circumstance carries us forward to 
a most important inquiry : Whence is it that one 
smell is agreeable, and another disgusting ? It can- 
not be a matter of doubt, that agreeable smells ex- 
cite in the corpus callosum a different agitation from 
that which is produced by the disagreeable; but 
how comes it, that one agitation in the corpus callo- 
sum can give pleasure to the soul, while another is 
offensive, and even frequently becomes insupport- 
able ? The cause of this difference resides no longer 
in body and matter ; we must look for it in the na- 
ture of the soul itself, which enjoys a certain plea- 
sure in feeling certain agitations, while others ex- 
cite uneasiness ; and the real cause of this effect we 
do not know. 

Hence we comprehend that the soul does more 
than simply perceive what passes in the brain, or 
corpus callosum ; it subjoins to sensation a judgment 
respecting what it finds agreeable or disgusting, and 

» >Hwk are probably very few scientific anatomists of the present day 
^fatarookl consider the statements in this and succeeding Letters tela* 
tttfj* the corpus callotum as worthy of much confidence.— 4 m, Si 
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consequently exercises, besides the faculty of per- 
ceiving, another and a different faculty, that of judg- 
ing ; and this judgment is wholly different from the 
simple idea of a smell. 

The same consideration, of the sense of smelling 
only, discovers to us still other acts of the soul. 
When the smells are changed, when you apply to 
the nose a carnation after a rose, the soul has not 
only a perception of both smells, but likewise re- 
marks a difference between them. Hence we con- 
v elude, that the soul still retains the preceding idea 
to compare it with that which follows ; in this con- 
sists reminiscence, or memory, by which we have the 
power of recalling ideas, antecedent and past. Now 
the real source of memory is entirely concealed from 
us. We know well that the body has much to do 
in it; for experience assures us, that disease, and 
various accidents which befall the body, weaken and 
frequently destroy the memory : it is equally certain, 
at the same time, that the recollection of ideas is 
the proper work of the soul. A recollected idqa is 
essentially different from an idea excited by an ob- 

Iect. I have a perfect recollection of the sun which 
saw to-day ; but this idea greatly differs from that 
which I had while I was looking at the sun. 

Some authors pretend, that when we recall an 
idea, there happens in the brain an agitation similar 
to that which first produced it ; but if this were the 
case, I should actually see the sun ; it would no 
longer be a recollected idea. They admit, indeed, 
that the agitation which accompanies the recalled 
idea is much weaker than that from which the origi- 
nal idea proceeded : but still I am not satisfied with 
this ; for it would thence follow, that when I recall 
the idea of the sun, it would be much the same an 
when I see the moon, the light of which, you will 
please to remember, is about 200,000 times weaker 
than that of the sun, But actually to look at tht 



816 THE FACULTIES OF TBI SOUL, 

moon, and simply to recollect the sun, are two thing* 
absolutely different. 

We may say with truth, that the recollected ideas 
are the same with the actual ideas ; but this identity 
respects only the soul ; with regard to the body, the 
actual idea is accompanied with a certain agitation 
in the brain, whereas the recollected one is destitute 
of it. Accordingly, we say that the idea which I 
feel, or which an object acting on my senses excites 
in my soul, is a sensation ; but it can with no pro- 
priety be said that a recollected idea is a sensation. 
To recollect and to feel always remain two things 
absolutely different. 

When, therefore, the soul compares two different 
smells, when it has the idea of the one from the pres- 
ence of an object acting on the sense of smelling, 
and that of the other from recollection, it has in fact 
two ideas at once, the actual idea and the recol- 
lected idea ; and in pronouncing whether of the two 
is more or less agreeable or disagreeable, it exerts a 
particular faculty, distinct from that by which it only 
contemplates what is presented to it. 

But the soul performs still other operations, when 
a succession or several different smells is presented 
to it; for while it is struck with each of these in its 
turn, the preceding are recollected, and a notion is 
thereby acquired of past and present, and even of 
future, when new sensations are proposed, similar to 
those of which it has already had experience. It 
thence likewise derives the idea of succession, in as 
much as it undergoes several impressions succes- 
sively ; and hence results the idea of duration, and 
of time. Finally, on remarking the diversity of sen- 
sations which succeed each other, it begins to reckon 
one, two] three, &c, though this should not go far- 
ther, from want of signs or names wherewith to 
mark numbers. For supposing a man has just be- 
gun to exist, and who has hitherto experienced no 
sensations but those of which I have been speaking, 
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far from having created a language for himself, he 
only knows how to exert his first faculties on the 
simple ideas which the sense of smelling presents 
,to him. 

You see, then, that the man in question has al- 
ready acquired the capacity of forming to himself 
ideas of diversity of the present, of the past, and even 
of the future ; afterward, of succession, of the du- 
ration of time, and of number, or at least of the ele- 
ments of these ideas. Some authors pretend, that 
such a man could not acquire the idea of the dura- 
tion of time without a succession of different sen- 
sations ; but it appears to me that the same sensa- 
tion, the small of the rose, for example, being con- 
tinued for a considerable time together, he would be 
differently affected by it than he would if it were 
presently withdrawn. A very long duration of the 
same sensation would at length become tiresome, 
Which would necessarily excite in him the idea of 
duration. N It must certainly be allowed, that his soul 
would be sensible of a very different effect if the sen- 
sation were continued long, than if it lasted only for 
a moment ; and the soul will clearly perceive this 
difference : it will accordingly have some idea of 
duration and of time, without any variation of the 
sensations. 

These reflections which the soul makes, occasioned 
by its sensations, are what properly belong to. its 
spirituality, the body furnishing only simple sensa- 
tions. The perception of these" sensations is already 
an act of the soul's spirituality; for a body can 
never acquire ideas. 

90th January, 1761. 
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LETTER XCV1. 

Conviction of the Existence of what we percewe by the 
Senses. Of the Idealists, Egotists, and Mate* 
rialists, 

, In all the sensations which we experience when 
one of our senses is struck by any object, it is a 
matter of high importance to remark, that the soul 
not only acquires an idea conformed to the impression 
made on the nerves, but that it judges, at the same 
time, there must exist an exterior object, which fur- 
nished this idea. Though habit makes us consider 
this judgment as extremely natural, yet we have 
reason to be astonished at it, when we examine more 
attentively what then passes in our brain. 

An example will place this in a clear light. I shall 
suppose you looking at the full moon by night ; the 
rays which enter into your eyes will at once paint 
on the retina an image similar to the moon, for the 
minute particles of the retina are by the rays put 
into a vibration similar to that which agitates those 
of the moon. Now the retina being only a contex- 
ture of nerves extremely subtile, you easily com- 
prehend that these nerves must hence undergo a 
certain agitation, which will be transmitted to th* 
origin of the nerves in the brain. There will be ex- 
cited, therefore, likewise in that portion of the brain 
a certain agitation, which is the real object that the 
soul contemplates, and from which it derives an 
article of knowledge, which is the idea of the moon. 
Consequently, the idea of the moon is nothing else 
but the contemplation of this slight agitation affect- 
ing the origin of the nerves. 

The activity of the soul is so much attached to 
the spot in which the nerves terminate, that it abso- 
lutely knows nothing of the images painted on the 
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bottom of the eye, and still less of the moon, whose 
rays have formed these images. The soul, however. 
4aip not satisfy itself with the mere speculation of 
the agitation in the brain, which supplies it imme- 
diately with the idea of the moon it subjoins to this 
the judgment, that there really toasts out of us an 
object which we call the moon. This judgment is 
reduced to the following reasoning: 

There has taken place in my brain a certain agita- 
tion, a certain impression ; I do not absolutely know 
by what cause it has been produced, as I know 
nothing even of the images which are the immediate 
cause of it upon the retina ; nevertheless, I boldly 
pronounce that there is a body out of me, the moon, 
which supplied me with this sensation. 

What a consequence ! May it not be more prob- 
able that this agitation, or this impression, is pro- 
duced in my brain by some internal cause, such as 
the motion of the blood, or perhaps merely by 
chance ? What right have I, then, to conclude that 
the moon actually exists 1 If I conclude from it, 
that there is at the bottom of my eye a certain 
image, this might pass ; as, in fact, this image is the 
immediate cause of the impression made on the 
brain ; though it was sufficiently bold to hazard 
even this conclusion. But I go much farther, and 
because there is a certain agitation in my brain, I 

Sroceed to conclude, that there exists, out of my 
ody, nay, in the heavens* a body, which is the first 
cause of such impression, and that this l?ody is the 
moon. 

In sleep, when we imagine we see the moon, the 
soul acquires the same idea ; and perhaps a similar 
agitation is then produced in the brain, as the soul 
imagines that it then really sees the. moon. It is 
undoubtedly certain, that in this we deceive our- 
selves; but what assurance have we that our judg- 
ment is better founded when we are awake t Phi- 
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losophers have lost their way more than once In 
endeavouring to solve this difficulty. 

What I have just said respecting the moon takes 
place with regard to all the bodies which we see. 
The consequence is not apparent, that there must 
exist bodies out of us, because our brain undergoes 
certain agitations or impressions. This applies even 
to our own limbs, and to our whole body, of which 
we know nothing but by means of the senses, and 
of the impressions which they make in the brain ; 
if, then, these impressions, and the ideas which the 
soul derives from them, prove nothing as to the ex- 
istence of body, that of our own body becomes 
equally doubtful. 

You will not therefore be surprised, that there 
should be philosophers who have openly denied the 
existence of bodies ; and in truth it is not easy to 
refute them. They derive a very strong argument 
from dreams, m which we imagine that we see so 
many bodies which have no existence. It is said 
with truth, that then it is pure illusion ; but what 
assurance have we that we are not under the power 
of a similar illusion when awake 1 According to 
these philosophers, it is not an illusion : the soul, 
they admit, perceives a certain impression — an idea ; 
but they boldly deny it to be a consequence, that 
bodies really exist which correspond to those ideas. 
The supporters of this system are called idealist*, 
because they admit the ideas only of material things, 
and absolutely deny their existence. They may 
likewise be denominated spiritualists, as they main- 
tain that no beings exist except spirits. 

And as we do not know other spirits but by 
means of the senses, or of ideas, there are philoso- 
phers who go so far as to deny the existence of all 
spirits, their own soul excepted, of the existence of 
which every one is completely convinced. These 
are called egotists, because they pretend that nothing 
exists but their own soul. 
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To them are opposed the philosophers whom we 
denominate materialists, who deny the existence of 
spirits, and maintain that every thing which exists 
is matter, and that what we call our soul is only 
matter extremely subtile, and thereby rendered capa- 
ble of thought. 

24th January, 1761. 



LETTER XCVII. 
Refutation of the Idealists. 

I wish it were in my power to furnish you with 
the arms necessary to combat the idealists and the 
egotists, by demonstrating, that there is a real con- 
nexion between our sensations and the objects them- 
selves which they represent ; but the more I think 
of it, the more I feel my own incapacity. 

It would be ridiculous to think of engaging with 
the egotists ; for a man who imagines he alone ex- 
ists, and who does not believe in my existence, would 
act in contradiction to his own system if he paid 
any attention to my reasoning, which, according to 
him, would be that of an imaginary being. It is 
likewise a hard task to confute the idealists— nay, H 
is impossible to convince of the existence of bodies 
a man obstinately determined to deny it. Though 
no such phjjosophere existed, it would be highly in- 
teresting to be able to convince ourselves, that as 
often as our soul experiences sensations, it may be 
with certainty concluded that bodies likewise. exist; 
and that, when my soul is affected by the sensation 
of the moon, I may thence boldly infer the existence 
of the moon. 

But the union which the Creator has established 
between the soul and the brain is a mystery so un- 
fathomable, that all our knowledge of it amounts 
only to this : certain impressions made in the brain. 
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where the seat of the soul is, excite in it certain 
ideas or sensations ; but the cause of this influence 
is absolutely unknown to us. We , ought to satisfy 
ourselves with knowing that this influence subsists, 
which experience sufficiently confirms ; and it is* in 
Tain to investigate how this is produced. Now, the 
tune experience which proves it informs us like- 
wise that every sensation always disposes the soul 
to believe that there exists, out of it, some qbject 
which excited such sensation; and that sensation 
discovers to us several properties- of the object. 

It is, then, a most undoubted fact, that the soul 
always concludes, from any sensation whatever, the 
existence of a real object out of us. This is so 
natural to us from our earliest infancy, and so uni- 
versally the case with all men, and even with ani- 
mals, that it cannot with any propriety be called a 
prejudice. The dog that barks when he sees me is 
certainly convinced that I exist ; for my presence 
excites in him the idea of my person. The dog, 
then, is not an idealist. Even the meanest insects 
are assured that bodies exist out of them ; and they 
could not have this conviction but by the sensations 
excited in their souls. 

I believe, therefore, that sensations include much 
more than those philosophers are disposed to admit. 
They are not only simple perceptions of certain im- 
pressions made in the brain ; they supply the soul 
not with ideas only, but they effectively represent 
to it objects externally existing, though we cannot 
comprehend how this is done. 

In fact, what resemblance can there be between 
the luminous idea of the moon, and the slight im- 
pression which its rays may produce in the brain by 
means of nerves ? 

The idea, even in as far as the soul perceives it, 
has nothing material ; it is an act of the soul, which 
is a spirit : it is not necessary, therefore, to, look for 
m real relation between the impressions of the braia 
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and the ideas of the soul ; it is enough for us to 
know that certain impressions made in the brain ex- 
cite certain ideas in the soul, and that these ideas 
are representations of objects externally existing, 
of whose existence they give us the assurance. 

Thus, when my brain excites in my soul the sensa- 
tion of a tree, or of a house, I pronounce, without 
hesitation, that a tree, or a house, really exists oat 
of me, of which I know the place, the size, and other 
properties. Accordingly, we find neither man nor 
beast who calls this truth in question. If a clown 
should take it into his head to conceive such a 
doubt, and should say, for example, he does not be- 
lieve that his bailiff exists, though he stands in his 
presence, he would be taken for a madman, and with 
good reason ; but when a philosopher advances such 
sentiments, he expects we should admire his know- 
ledge and sagacity, which infinitely surpass the ap- 
prehensions of the vulgar. 

It appears to me, accordingly, abundantly certain 
that such extravagant sentiments would never have 
been maintained, but from pride and an affectation 
of singularity ; and you will readily believe that the 
common people have, in this respect, much more 
good sense than those learned gentlemen who derive 
no other advantage from their, researches but that 
of bewildering themselves in a labyrinth of chime- 
ras, unintelligible to the rest of mankind. 

Let it be established, then, as a certain rule, that 
every sensation not only excites in the soul an idea, 
but shows it, if I may so express myself, an external 
object, of whose existence it gives full assurance 
without practising a deception. A very formidable 
objection, however, is started against this, arising 
from dreams and the reveries of sick persons, in 
which the soul experiences a great variety of sensa- 
tions of objects which nowhere exist. The only re- 
flection I shall suggest on this subject is, that it must 
be very natural for us to judge that the objects, the 
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sensation of which the soul experiences, really exist, 
as we judge after this manner even in sleep, though 
then we deceive ourselves ; but it does not thence 
follow that we likewise deceive ourselves when we 
are awake. In order to remove this objection, it is 
necessary to know better the difference of the state 
of the man who is asleep and of him who wakes; 
and none, perhaps, know this less than the learned, 
which must surely be a matter of some surprise 
to you. 
87M January, 1761. 



LETTER XCVni. 

The Faculty bf Perceiving. Reminiscence, Memory, 
and Attention. Simple and compound Ideas* 

You are by this time sensible that objects by act- 
ing upon our senses excite in the soul sensations, 
from which we judge that they really exist out of 
us. Though the impressions which occasion these 
sensations are made in the brain, they present, then, 
to the soul a species of image similar to the object 
which the soul perceives, and which is called the 
sensible idea, because it is excited by the senses. 
Thus, on seeing a dog the soul acquires the idea of 
it ; and it is by means of the senses that the soul 
comes to the knowledge of external objects, and 
acquires sensible ideas of them, which are the 
foundation of all our attainments in knowledge. 

This faculty of the soul, by which it acquires the 
knowledge of external things, is denominated the 
faculty of perception, and depends, no doubt, on the ' 
wonderful union which the Creator has established 
between the soul and the brain. Now the soul has 
still another faculty, that of recalling ideas already 
communicated by the senses ; and this faculty is 
named reminiscence, or invagina tion. Thus, fetariof 
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once seen an elephant, you will be able to recollect 
the idea of that animal, though it is no longer before 
you. There is, however, a mighty difference be- 
tween actual and recollected ideas: the former 
make an impression much more lively and interest- 
ing than the latter ; but the faculty of recalling ideas 
is the principal source of all our knowledge. 

Did we lose the ideas of objects as soon as they 
cease, to act upon our senses, we should never be 
able to make any reflection, any comparison ; and 
our knowledge would be entirely confined to the 
things which we should feel at the moment, all pre- 
ceding ideas being extinguished, as if we had never 
possessed them. 

It is, therefore, a faculty essential to reasonable 
beings, and with which animals too are endowed, 
that of being able to recollect past ideas. You know 
the faculty of which I speak is memory. It by no 
means follows, however, that we have it always in 
onr power to recall all our past ideas. How fre- 
quently do we exert ourselves in vain to recollect 
certain ideas which we formerly had ! Sometimes 
we forget them entirely ; but for the most part only 
partially. 

If you should happen* for example, to forget the 
demonstration of the Pythagorean theorem, with 
afl your efforts, perhaps, you should not be able to 
recollect it — but this would be only a partial forget- 
rulness ; for as soon as I had again drawn the figure, 
and put you in the train of the demonstration, you 
will presently recollect it ; and this second demon- 
stration will make on your mind quite a different 
impression from the first. We see, then, that the 
reminiscence of ideas is not always in our power, 
though they may not be wholly extinguished ; and 
a slight circumstance is frequently capable of repro- 
ducing them. 

We must therefore carefully distinguish between 
sensible and recollected ideas Sensible ideas are 

Vol. I. — E e 
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represented to us by the senses ; but we ourselves 
form recollected- ideas on the model of the sensible, 
as far as we remember them. 

The doctrine of ideas is of the last importance for 
the purpose of a thorough disquisition of the real 
sources of human knowledge. And, first, ideas are 
distinguished into simple and complex. A simple 
idea is that in which tne soul finds nothing to dis- 
tinguish, and remarks no parts different from each 
other. Such is, for example, the idea of a smell, or 
of a spot on a substance of one colour ; such is like- 
wise that of a star, in which we perceive only one 
luminous point. A complex idea is a representation 
in which the soul is able to distinguish several differ- 
ent things. When, for instance, we look attentively 
at the moon, we discover several dark spots, sur- 
rounded by contours more luminous; we remark 
also her round figure when she is full, and her 
horned figure when waxing or waning. On viewing 
her through the telescope, there are many other par- 
ticulars distinguishable. 

How many different things do we not perceive in 
beholding a noble palace, or a fine garden 1 When 
you do me the honour to read this Letter, you will 
discover in it the different traits of the characters, 
which you can with ease distinguish from each 
other. This, then, is a complex idea, as it contains 
a variety of simple ideas. Not only this Letter, 
taken in whole, presents a complex idea, from its 
consisting of a plurality of words ; but every word 
too is a complex idea, being composed of several 
characters ; nay, every character is one, from the 
singularity of the form which distinguishes it from 
others ; but the elements or points which constitute 
every character may be considered as simple ideas, 
inasmuch as you no longer perceive in them any 
diversity. A greater degree of attention will like- 
wise discover some variety in these elements, on 
viewing them through a nucroscope. 
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There is a great difference, therefore, even in the 
manner of contemplating objects. When we ob- 
serve them only slightly and transiently, we per- 
ceive very little Variety ; but to an attentive consider- 
ation, every particular detail stands disclosed. A 
savage, on throwing his eyes over this Letter, will 
take it for a piece of paper scribbled all over, and 
will distinguish only the black from the white, 
whereas an attentive reader observes in it the pecu- 
liar form of every character. Here, then, we have 
a new faculty of the soul, denominated attention, by 
which it acquires the simple ideas of the different 
things that meet in one object. 

Attention requires address, the result of long and 
frequent exercise, to render it capable of distinguish- 
ing the different parts of an object. A clown and 
an architect, passing by a palace, will both receive 
the impression of the rays which enter into their 
eyes; but the architect will discover a thousand 
minute particulars of which the clown has no per- 
ception. Attention alone produces this difference. 

315/ January, 1761. 



LETTER XCIX. 

Division of Ideas into dear and obscure, distinct and 
confused. Of Distraction. 

If we consider, in a slight manner only, a repre- 
sentation made to us by the senses, the idea which 
we acquire from it is very imperfect, and we say it 
is obscure ; but the more attention that we employ 
to distinguish all its parts, the more perfect or dis- 
tinct our idea will become. In order to" acquire a 
perfect or distinct idea of an object, it is not then 
sufficient that it should be represented in the brain 
by impressions made upon the senses — the soul too 
must apply its attention, which is properly an act 
of the soul, independent upon the bod\ . % 
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It is further necessary that the representation in 
the brain should be well expressed, and contain the 
different parts and qualities which characterize the 
object. This takes place when the object is pre- 
sented to the senses in a suitable manner. When, 
for example, I see a piece of writing at the distance 
of ten feet, I am unable to read it, let me employ 
whatever degree of attention I may ; the distance 
of the characters prevents their being accurately 
expressed on the bottom of the eye, and. conse- 
quently also in the brain : but if the same writing is 
brought to a proper distance, I can read it, because 
then all the characters are distinctly represented on 
the bottom of the eye. 

You know that we employ certain instruments in 
order to procure a more perfect representation in 
the organs of sense, such as microscopes and tele- 
scopes ;• which are intended as supplements to the 
imperfection of vision. But, in, employing their as- 
sistance, we are incapable of attaining a distinct 
idea without attention; otherwise we acquire but 
an obscure idea, nearly such as we should have had 
by taking a glimpse of the object only. 

I have already remarked, that sensations are by 
no means indifferent to the soul, but agreeable or 
disagreeable ; and this agreeableness, or its opposite, 
excites our attention, unless the soul is pre-occupied 
by several other sensations which entirely engross 
it : this last state of the soul is termed distraction. 

Exercise likewise greatly contributes to strengthen 
attention : and there cannot be a mode of exercise 
more suitable to children than teaching them to read; 
for they are thereby laid under the necessity of fix- 
ing their attention successively on every character, 
and of impressing on their minds a clear idea of the 
figure of each. It is easy to see that this exercise 
must be at first extremely painful ; but such a habit 
is so speedily acquired, that even a child, after a 
little application, can read with astonishing quick* 
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Bess. In reading a piece of writing, we most have 
a very distinct idea of every character ; thus atten- 
tion is susceptible of a very high degree of perfec- 
tion from exercise. 

With what amazing rapidity will a profiqient in 
music execute the most difficult piece, though he 
never saw it before ! It is certain that his attention 
must have run over all the notes, one after another, 
and that he remarked the signification of each. His 
attention, however, is not confined only to these 
notes ; it presides likewise over the motion of the 
fingers, not one of which moves but by an express 
order of the soul ; he remarks likewise, at the same 
time, how the other performers execute their parts. 
It is, upon the whole, altogether surprising to what 
a height the address of the human mind may be 
qarried by application and exercise. Show the same 
piece of music to a beginner ; how much time does 
it require lo impress on his mind the signification 
of every note, and to give him a complete idea of ' 
it : while the master acquires it by almost a single 
glance. 

This ability extends equally to all other kinds of 
objects, in which one man may infinitely surpass 
another. There are persons who, with one glance 
fixed on a person passing before them, acquire a 
distinct idea, not only of all the features of the face, 
but the particulars of his whole dress, down to the 
minutest trifles, while others are incapable of re- 
marking the most striking circumstances. , 

We observe, in this respect, an infinite difference 
among men. Some promptly catch all the different 
marks of an object, and form to themselves a distinct 
idea of it, while that formed by others is extremely 
obscure. This difference depends, not only on mental 
penetration, but likewise on the nature of the objects. 
A 'musician catches at once the whole piece of music, 
and acquires a distinct idea of it ; but present him 
with a piece of writing in Chinese characters, wad. 
Ee2 
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he will have only very obscure ideas indeed of such 
writing : the Chinese, on the contrary, will know at 
first sight the real import of each character, but 
will, in his turn, understand nothing of musical notes. 
The botanist observes in a plant which he never 
saw before a thousand particulars which escape the 
attention of another ; and the architect discerns, by 
a single glance, in a building, many things which 
another, with a much greater degree of attention, 
could not have discovered. 

It is always useful to form distinct ideas of the 
objects presented to our senses ; in other words, to 
remark all the parts of which they are composed, 
and the marks which distinguish and characterise 
them. From these observations you will easily osjfc- 
prehend the division of ideas into obscure and «Mfc 
into confused and distinct. The more distinct tasy 
are, the more they contribute to the advancement of 
knowledge. 

3d February, 1761. 



LETTER C. 

Of the Abstraction of Notions. Notions general and 
individual. Of Genus and Species. 

The senses represent objects only which exist 
externally ; and sensible ideas all refer to them : but 
of these sensible ideas the soul forms to itself a 
variety of other ideas, which are indeed derived 
from these, but which no longer represent objects 
really existing. 

When, for example, I look at the full moon, and 
fix my attention only on its contour, I form the idea 
of Voundness; but I cannot affirm that roundness 
exists of itself. The moon is round, but the round 
figure does not exist separately out of the moon. It 
is the same with respect to all other figures ; and 
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when I see a triangular, or square table, I may hate , 
the idea of a triangle, or of a square, though such 
a figure exists nowhere of itself, or separately from 
an object possessing that figure. 

The ideas of numbers have the same origin. Hay- 
ing seen two or three persons, the soul forms the 
idea of two or three, without attaching it any longer 
to the persons. Having already acquired the idea 
of three, the soul is able to proceed, and to form the 
ideas of greater numbers, of four, five, ten, a hundred, 
a thousand, and so on, without ever having precisely 
seen so many things together. A single instance, 
therefore, in which we have seen two or three ob- 
jects, may carry the soul forward to the forma- 
tion of the ideas of other numbers, be they ever so 

The same thing holds as to figures ; and you have 
the power of forming to yourself the idea of a poly- 
gon, withfttCl sides, for example, though you never 
nave seen an object of that form, and though no one 
such, perhaps, ever existed. 

Here the soul exerts a new faculty, which is called 
the power of abstraction ; this takes place when the 
soul fixes its attention on only one quantity or quality 
of the object, and considers it separately, as if it 
were no longer attached to the object. When, for 
instance, I put my hand on a heated stone, and con- 
fine my attention to the heat only, I form from it 
the idea of heat, which is no longer attached to the 
stone. This idea of heat is formed by abstraction, as 
it is separated from the stone ; and the soul might 
have derived the same idea from touching a piece 
Of wood heated, or by plunging the hand into hot 
Urater. 

Thus, by means of abstraction, the soul forms a 
Jhousand other ideas of the quantities and properties 
of -objects, by separating them afterward from the 
objects themselves : as, when I see a r4d coat, and 
fix my attention only on the colour, I form th& vtet 
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of red, separate from the coat ; and it is obvious that 
a red flower, or any other substance of that colour, 
would have enabled me to form the same idea. 

These ideas, acquired by abstraction, are denomi- 
nated notions, to distinguish them from sensible ideas, 
which represent to us objects really existing. 

It is alleged that the power of abstraction is a pre- 
rogative of men, and of other rational beings, and 
that the beasts are entirely destitute of it. A beast 
may experience the same sensation of hot water that 
we do, but is unable to separate the idea of heat and 
that of the water itself : it knows heat only in so far 
as it is connected with the water, but has not the 
abstract idea of heat which we have. It is said that 
these notions are general ideas, which extendi to 
several things at once, as we may find heat in dome,* 
wood, water, or any other body; but our idea of 
heat is not attached to any one body; for if my idea 
of heat were attached to a certain stone, which first 
supplied me with that idea, I could not affirm that 
wood or other bodies were hot. Hence it is evident, 
that these notions, or general ideas, are not attached 
to certain objects, as sensible ideas are ; and as they 
distinguish man from the brute creation, they prop- 
erly exalt him to a degree of rationality wnolly 
unattainable by the beasts. 

There is still further a species of notions, likewise 
formed by abstraction, which supply the soul with 
the most important subjects on which to employ its 
powers : these are the ideas of genus #id species. 
When I see a pear-tree, a cherry-tree, an apple-tree, 
an oak, a fir, &c, all these ideas are different; 1 
nevertheless remark in them several things which 
Ihey have in common ; as the trunk, the branches, 
and the roots ; 1 stop short only at those things which 
the different ideas have in common, and the object 
in which all such qualities meet I call a tree. Thus 
the idea of tree which I have formed in this manner 
is a general notion, and comprehends the sensible 
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ideas of the pear-tree, the apple-tree, and, in general, 
of every tree that exists. 

Now, the tree which corresponds to my idea of 
tree nowhere exists; it is not the pear-tree, for 
then the apple would not be comprehended under 
it ; for the same reason, it is not the cherry-tree, nor 
the plum, nor the oak, &c. ; in a word, it exists 
only in my soul ; it is only an idea, but which is 
realized in an infinite number of objects. In like 
manner, when I speak of a cherry-tree, it too is a 
general notion, which comprehends all the cherry- 
trees that exist: this notion is not restricted to a 
particular cherry-tree in my garden : for then every 
other cherry-tree would be excluded. 

With respect to general notions, every existing 
object, comprehended under one, is denominated an 
individual, and the general idea, say that of the 
cherry-tree, is denominated species or genus . These 
two words signify nearly the same thing, but genus 
is the more comprehensive, including in it a variety 
of species. Thus the notion of a tree may be con- 
sidered as a genus, as it includes the notions of pear- 
trees, apple-trees, oaks, firs, and so on, which are 
species; and of so many others, each of which con- 
tains a great number of existing individuals. 

This manner of forming general ideas is, therefore, 
likewise performed by abstraction; and it is here 
chiefly that the soul exerts the activity and performs 
the operations from which all our knowledge is de- 
rived. Without these general notions, we should 
differ nothing from the brutes. 

1th February, 1761. 
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LETTER CI. 

Of Language ; its Nature, Advantages, and Necessity, 
in order to the Communication of Thought, and the 
Cultivation of Knowledge. 

Whatever aptitude a man may have to exercise 
the power of abstraction, and to furnish himself with 
general ideas, he can make no considerable progress 
without the aid of language, spoken or written. 
Both the one and the other contain a variety of 
words, which are only certain signs corresponding 
to our ideas, and whose signification is settled by 
custom, or the tacit consent of several men who live 
together. 

It would appear from this, that the only purpose 
of language to mankind is mutually to communicate 
their sentiments, and that a solitary man might do 
very well without it ; but a little reflection only is 
necessary to be convinced, that men stand in need 
of language, as much to pursue and cultivate their 
own thoughts as to keep up a communication with 
others. 

To prove this, I remark, first, that we have scarcely 
a word in any language whose signification is at- 
tached to one individual object. If each cherry-tree 
in a whole country had its proper name, as well as 
every pear-tree, and, in general, every individual 
tree ; what an enormous complication in language 
would result from it! Were J under the necessity 
of employing a particular term to denote every sheet 
of paper in my bureau, or if I should, from caprice, 
think fit to give each a particular name, this would 
be as useless to myself as to others. 

It is, then, a very imperfect description of lan- 
guage to say, that men have, from the first, imposed 
on all individual objects certain names to serve them 
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for signs. The words of a language express general 
notions ; and you will rarely find one which marks 
only a single individual. The name Alexander the 
Great is applicable to one particular person; but 
then it is a compound name. There may have been 
many thousands of Alexanders ; and the epithet great 
extends to an infinite number of things. It is thus 
that all men bear names, to distinguish them from 
others, though these names may be frequently com- 
mon to many. 

The essence of a language consists rather in its 
containing words to denote general notions, as that 
of tree corresponds to a prodigious number of indi- 
vidual beings. These words serve not only to con- 
vey to others, who understand the same language, 
the same idea which I affix to the words ; but they 
are likewise a great assistance to me in representing 
this idea to myself. Without the word tree, which 
represents to me the general notion of a tree, I must 
imagine to myself at once a cherry-tree, a pear- 
tree, an apple-tree, a fir, &c, and thence extract 
what they have in common. This would neces- 
sarily oppress the mind, and speedily involve it in 
the greatest perplexity. But having, once for all, 
determined to express by the term tree the general 
notion formed by abstraction, this term always ex- 
cites in my soul the same notion, without my having 
occasion to recollect its origin; and accordingly, the 
word tree alone, for the most part, constitutes the 
object of the soul, without the representation of any 
real tree. 

The word man is, in like manner, a sign to denote 
the general notion of what all men have in common; 
and it would be very difficult to tell or to make the 
enumeration of all that this notion contains. Would 
you say that he is a living two-legged being] A 
cock would likewise be included in this description. 
Would you say, in words of Plato's definition, that 
he is a two-legged animal without feathers! Yon 
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hare only to strjp the cock of his feathers, in order 
to obtain the Platonic man. 

I do not know whether those who say that man is 
an animal endowed with reason, express themselves 
more accurately ; for how often do we take for men 
certain beings of whose rationality we have no as- 
surance. On viewing an army, I have not the least 
doubt that every soldier is a man, though I have not 
the smallest proof that they are all endowed with 
reason. If I were to make an enumeration of all 
the members necessary to constitute a man, some 
men would always be found defective in one, per- 
haps in several of these, or we might find some beast 
who had them all. On investigating, therefore, the 
origin of the general notion of man, it is almost 
impossible to say wherein it consists. 

No one, however, has any doubt respecting the sig- 
nification of the word ; because every one, wishing 
to excite this notion in his soul, has only to think 
on the word man, as if he saw it written on paper, 
or heard it pronounced, according as the respective 
language of any one may be. 

Hence we see that, for the most part, the objects 
of our thoughts are not so much the things them- 
selves, as the words by which these things are de- 
noted in language ; which greatly facilitates the ex- 
ercise of thought. What idea, in fact, do we asso- 
ciate with the terms virtue, liberty, goodness, &c. % 
Not surely a sensible image ; but the soul, having 
once formed the abstract notions which correspond 
to these terms, afterward substitutes them in its 
thoughts, in place of the things which they denote. 

You may easily conceive how many abstractions 
it was necessary to make, in order to arrive at the 
notion of virtue. The actions of men were first to 
be considered ; they were then to be compared with 
the duties imposed on them ; in consequence of this, 
we give the name of virtue to the disposition which 
a man has to regulate his actions conformably to hif 
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duties* But, on hearing the word virtue rapidly pro- 
nounced in conversation, do we always connect with 
it this complex notion 1 And what idea is excited 
in the mind on hearing the particle and or also proJ 
bounced ? It is readily seen that these words import 
ft species of connexion ; but take what pains you 
please to describe this connexion, you will find your* 
self under the necessity of employing other words, 
Whose signification it would be equally difficult to 
explain ; and if I wet e to attempt an explanation of 
the import of the particle and, I must make frequent 
Use of that very particle. 

You are now enabled to judge of what advantage ' 
language is to direct our thoughts ; and that with- 
out language we should hardly be in a condition to 
think at all. 

10th February, 1761. 



LETTER CII. 

Of the Perfections of a Language. Judgments and 
Nature of Propositions, affirmative and negative j 
universal or particular. 

I have been endeavouring to show you how neces- 
sary language is to man, not only for the mutual 
communication of sentiment and thought, but like- 
wise for the improvement of the mind and the ex-* 
tension of knowledge. 

These signs or words represent, then, general no- 
tions, each of which is applicable to an infinite num- 
ber of objects : as, for instance, the idea of hot, and 
of heat, to every individual object which is hot ; and 
the idea or general notion of tree is applicable to 
every individual tree in a garden or a forest, whether 
cherries, pears, oaks, or firs, &c. 

Hence you must be sensible how one language 
may be more perfect than another. A language 

Vol. I.— F f 
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always is so in proportion as it is in a condition to 
express a greater number of general notions, formed 
by abstraction. It is with respect to these notions 
that we must estimate the perfection of a language. 

Formerly, there was no word in the Russian lan- 
guage to express what we call justice. This was 
certainly a very great defect, as the idea of justice 
is of very great importance in a great number of our 
judgments and reasonings, and as it is scarcely pos- 
sible to think of the thing itself without a term ex- 
pressive of it. They have accordingly supplied this 
defect by introducing into that language a word 
which conveys the notion of justice. 

These general notions, formed by abstraction, are 
the source of all our judgments and of all our rea- 
sonings. A judgment is nothing else but the affirma- 
tion, or negation, that a notion is applicable, or in- 
applicable; and when such judgment is expressed 
in words, we call it a proposition. To give an ex- 
ample: All men are mortal, is a proposition which 
contains two notions; the first, that of men in 
general — and the second, that of mortality, which 
comprehends whatever is mortal. The judgment 
consists in pronouncing and affirming that the. notion 
of mortality is applicable to all men. This is a judg- 
ment, and being expressed in words, it is a proposi- 
tion ; and because it affirms, we call it an affirmative 
proposition. If it denied, we would call it negative, 
such as this, No man is righteous. These two propo- 
sitions, which I have introduced as examples, are 
universal, because the one affirms of all men that 
they are mortal, and the other denies that they are 
righteous. 

There are likewise particular propositions, both 
negative and affirmative ; as Some men are learned, 
and Some men are not wise. What is here affirmed, 
and denied, is not applicable to all men, but to some 
of them. 

Hence we derive four species of propositions. 
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The first is that of affirmative and universal proposi- 
tions, the form of which in general is : 
Every A is B. 
The second species contains negative and universal 
propositions, the form of which in general is : 
No A is B. 

The third is that of affirmative propositions, but 
particular, contained in this form : 
* Some A is B. 

And, finally, the fourth is that of negative and par- 
ticular propositions, of which the form is: 
Some A is not B. 

All these propositions contain essentially two no- 
tions, A and B, which are called the terms of the propo- 
sition: the first of which affirms or denies some- 
thing, — and this we call the subject : and the second, 
which we say is applicable, or inapplicable, to the, 
first, is the attribute. Thus, in the proposition, all 
men are mortal^ the word man, or men, is the subject, 
and the word mortal the attribute : these words are 
much used in logic, which teaches the rules of just 
reasoning. 

These four species of propositions may likewise 
be represented by figures, so as to exhibit their nature 
to the eye. This must be a great assistance towards 
-comprehending more distinctly wherein the accuracy 
of a chain of reasoning consists. 

As a general notion contains an infinite number 
of individual objects, we may consider it as a space 
hi which they are all contained. Thus, 
for the notion of man we form a space, Fig. 41. 
Fig. 41, in which we conceive all men 
to be comprehended. For the notion 
of mortal we form another, Fig. 42, in 
which we conceive every thing mortal 
to be comprehended. And when I af- Fig. 43. 
firm all men are mortal, it is the same /^\ 
thing with affirming that the first figuro \*J 
is contained in the second. 
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I. Hence it follows that the representation of ju 
affirmative universal proposition is that 43. 
in which the space A, Fig. 43, which _ ' 
represents the subject of the proposition, ^ 
is wholly contained in the space B, which 
is the attribute. 

I I. As to negative universal proposi- 
tions, the two spaces A and B, of which 
A always denotes the subject, and B ^ 




the attribute, will be represented thus, 
Fie. 44, the one separated from the 
other ; because we say no A is B, or ~ % ~ 




that nothing comprehended in the notion A is in the- 
notion B. 

III. In affirmative particular proposi- Fig. 45. 
tions, as, some AisB,& part of the space 
A will be comprehended in the space B, 
Fig. 45 ; as we see here, that something 
comprehended in the notion A is likewise in B. 

IV. For negative particular proposi- 
tions, as, some A is not B, a part of the Fjg' 
space A must be out of the space B, 
Fig. 46. This figure resembles the pre- 
ceding; but we here remark principally, 
that there is something in the notion A 

which is not comprehended in the notion B, or which 
is out of it. 

14*A February, 1761. 
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Of Syllogisms, and their different Forms, when the first 
Proposition is universal. 

These circles, or rather these spaces, for it is of 
no importance of what figure they are of, are ex- 
tremely commodious for facilitating our reflections 
on this subject, and for unfolding all the boasted 
mysteries of logic, which that art finds it so difficult 
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to explain ; whereas by means of these signs the 
whole is rendered sensible to the eye. We may 
employ, then, spaces formed at pleasure to represent 
every general notion, and mark the subject of a 
proposition by a space containing A, and the attri- 
bute by another which contains 8. The nature of 
the proposition itself always imports, either that the 
space of A is wholly contained in the space B, or 
that it is partly contained in that space ; or that a 
part, at least, is out of the space B ; or, finally, that 
the space A is wholly out of B.* 

* Oar author subjoins here the following diagram, with this short 
introduction :— M I ahull once more give you a visible representation of 
these figures or emblems of the four species of propositions." 

Emblems of the four Species of Propositions. 



Affirmative universal. 




Every A is B. 



Negative universal 




No A is B. 



Affirmative particular. 




8omeA is B. 



Negative particular. 

x 




Some A is not B. 



Ff 2 
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The two last cases, which represent particular 
propositions, seem to contain a doubt, as it is not 
decided whether it be a great part of A which i* 
contained, or not. contained, in B. It is even possi 
ble, in the case of a particular proposition, that the 
notion A may contain the notion B en- 
tirely, as in Fig. 47 ; and that, at the Fig. 47, 
same time, as is clear from the figure, a s^a\ 

Sirt of the space A may be in the space / \ 
, and that a part of A may not be in B. I J 
Now, if A were, for example, the idea of v^^/ 
tree in general, and B that of oak, which 
is contained wholly in the first, the following propo- 
sitions might be formed: 

I. All oaks are trees. 

II. Some trees are oaks. 

III. Some trees are not oaks. 

In like manner, if of two spaces one is entirely 
out of the other, as in Fig. 44, 1 can as well say no 
A is B, as no B is A ; as if I were to say no man is 
a tree, and no tree is a man. 

In the third case, where the two notions have a 
part in common, as in Fig. 45, it may be said- 
I. Some A is B. 
II. Some B is A. 

III. Some A is not B. 

IV. Some B is not A. 

This may suffice to show you how all propositions 
may be represented by figures ; but their greatest 
utility is manifest in reasonings which, when ex- 
pressed in words, are called syllogisms, and of which 
the object is to draw a just conclusion from certain 
given propositions. This method will discover to 
us the true forms of all syllogisms. 

Let us begin by an affirmative universal proposi- 
tion : Every A is B, Fig. 43, where the space A is 
wholly in the space B ; and let us see how a third 
notion C must be referred to each of the other two 
notions A and B, in order to draw a fair conclusion. 
It is evident in the foflwjriug cases. 
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I. If the notion C is entirely con- Fig. 48. 
tained in the notion A, it will be so like- 
wise in the notion B, Fig 48 ; hence re- 
sults this form of syllogism. 

Every A is B : 
But Every C is A : 
Therefore Every C is B. 
'Which is the conclusion. 

Let the notion A, for example, comprehend all 
4rees, the notion B every thing that has roots ; and 
the notion C all oaks, and then our syllogism will 
•run thus : 

Every tree has roots : 
But Every oak is a tree : 
Therefore Every oak has roots. 

II. If the notion C Fig. 49. 
has a part contained 
in A, that part will 
likewise be so in B, 
because the notion A | 
is wholly included in 
the notion B, Fig. 49 
and 50. 

Hence results the second form of syllogism - 
Every A is B : 
But Some C is A : 
Therefore Some C is B. 
If the notion C were entirely out of the notion A, 
nothing would follow with respect to the notion B : 
it might happen that notion C should be entirely out 
Fig. 51. Fig. 52. Fig. 53 



Fig. 50. 




0) © 





of B (Fig. 51), or wholly in B (Fig. 50), or partly only 
in B (Fig. 53), so that no conclusion could be drawn. 



844 



OF SYLLOGISM*. 



III. But if notion C were wholly out of notion B, 
it would likewise be wholly out of notion A, as we 
see in Fig. 51. Hence results this form of syllo- 
gism. 

Every A is B : 
But No C is B, or no B is C : 
Therefore No C is A. 

IV. If the notion C has a part out 
of the notion B, that same part will 
certainly likewise be out of the no- 
tion A, because this last is wholly 
in the notion B (Fig. 54). Etence 
this form of syllogism : 

Every A is B : 
But Some C is not B : 
Therefore Some C is not A. 

V. If the notion C contains the Fig. 55. 
whole of notion B, part of notion C 
will certainly fall into notion A (Fig. 
55). Hence this form of syllogism : 

Every A is B : 
But Every B is C : 
Therefore Some C is A. 
No other form is possible, while 
the first proposition is affirmative and universal. 

Let us now suppose the first proposition to be 
negative and universal ; namely, 
No A is B. 

It is represented in Fig. 54, where the notion A is 
entirely out of notion B ; and the following cases 
will furnish conclusions : 

I. If notion C is entirely in no- Fig. 56. 
tion B, it must likewise be entirely 
out of notion A (Fig, 56). Hence 
this form of syllogism : 

No A isB: 
But Every C is B : 
Therefore No C is A. 






OF SYLLOGISMS* 



34ft 




II. If notion G is entirely com- Fig. 57. 
prehended in notion A, it must 
also be entirely excluded from/ 
notion B (Fig. 57). Hence a syl- \ 
logism of this form : 

No A is B : 
But Every C is A: 
Therefore No G is B. 
HI. If notion C has a part contained in notion A, 
that part must certainly be out of notion B ; as in 
Fig. 58, or in Fig. 59, and 60. Hence a syllogism 
of this form : 

No A is B : 
But Some C is A, or some A is C : 
Therefore Some C is not B. 
Fig. 5a Fig. 59. Fig. 60. 




IV. In like manner, if notion C has a part con- 
tained in B, that part will certainly be out of A $ as 
in Fig. 61, as also Fig. 62, and 63. Hence the fol- 
lowing syllogism : 

No A is B : 
But Some C is B, or some B is C : 
Therefore Some C is not A. 
Fig.U. Fig.62. 
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As to the other forms, in which the first proposi- 
tion is particular, affirmative, or negative, I shall 
show, in another Letter, ho w they may be represented 
by figures. 

nth February, 1761. 

LETTER CIV. 

Different Forms of Syllogisms, whose first Proposition 
is particular. 

In the preceding Letter I have presented you with 
the different forms of syllogisms, or simple reason- 
ings, which derive their origin from the first propo- 
sition, when it is universal, affirmative, or negative. 
It still remains that I lay before you those syllo- 
gisms whose first proposition is particular, affirma- 
tive, or negative, in order to have all possible forms 
of syllogism that lead to a fair conclusion. 

Let, then, the first proposition, affirmative and 
particular, be expressed in this general form — 

Some A is B (see Fig. 45) ; 
in which a part of the notion A is contained in the 
notion B. 

Let us introduce a third notion C, which, being 
referred to notion A, will either be contained in 
notion A, as in Fig. 64, 65, and 66 ; or will have a 
part in the notion A, as in Fig. 67, 68, and 69 ; or 
will be entirely out of notion A, as in 'Fig. 70, 71, 
and 72. No conclusion can be drawn in any of 
these cases, as it might be possible for notion C to be 
entirely within notion B, or in part, or not at all. 



Fig. 64. Fig. 65. Fig. 66. 
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Fig. 67. Fig. 68. Fig. 69. 




But if notion C contains in itself notion A, it is 
certain that it will likewise contain a part of notion 
B, as in Fig. 73 and 74. Hence results this form 
of syllogism : 

Some A is B : 
But Every A is C: 
Therefore Some C is B. 
Fig. 73. Fig. 74. 





It is the same when we compare notion C with no- 
tion B : we can draw no conclusion unless notion C 
contains notion B entirely (Fig. 75 and 76); for 
Fig. 75. Fig. 76. 



JOE). 




that, case, as notion A has a part contained in no- 
vo B, the same part will then oerUi&Sty to — 



148 DIFFERENT FORMS OF SYLLOGISMS. 



tained likewise in C. Hence we obtain this form 
of syllogism : Some A is B : 
But Every B is C : 
Therefore Some C is A. 
Let us finally suppose, that the first proposition is 
negative and particular, namely, 

Some A is not B. Fig* 77. 

It is represented in Fig. 77, in which part 
of notion A is out of notion B. ( aO b ) 

In this case, if the third notion C con- V-X—/ 
tains notion A entirely, it will certainly also have a 
part out of notion .B, as in Fig. 78 and 79 ; which 
gives this syllogism: 

Some A is not B : 
But Every A is C : 
Therefore Some C is not B. 

Fig. 78. Fig. 79. 




Again? if notion C is wholly included in notion 
B, or A has a part out of B, that same part will 
likewise certainly be out of C (Fig. 80 and 81). 



Fig. 80. Fig. 81. 




Hence this form of syllogism : 

Some A is not B : 
But Every C is B: 
Therefore Some A is not C. 
It may be of use to collect all these forms of syl- 
logism into one table, in order to consider them ata 
tingle glance. 
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I. Every A is B : 
But Every C is A: 
Therefore Every C is B. 


XL No A is B: 

But Some C is B : 
Therefore Some C is not A. 


II. Every A is B : 
But Some C is A : 
Therefore Some C is B. 


XII. No A is B : 

But Some B is : 
Therefore Some C is not A* 


III. Every A is B: 

But No C is B : 
Therefore No C is A. 


XIII. Some A is B : 
But Every A is C : 
Therefore Some C is B. 


IV. Every A is B: 

But No B is C : 
Therefore No C is A. 


XIV. Some A is B : 
But Every B is C : 
Therefore Some C is A. 


V. Every A is B : 

But Some C is not B. 
Therefore Some C is not A. 


XV. Some A is not B: 

But Every A is C : 
Therefore Some C is not B. 


VI. Every A is B : 
But Every B is C : 
Therefore Some C is A. 


XYI. Some A is not B: 

But Every C is B : 
Therefore Some A is not C . 


VII. No A is B : 

But Every C is A : 
Therefore No C is B. 


XVII. Every A is B: 
But Some A is C : 
Therefore Some C is B. 


VIII. No A is B: 

But Every C is B : 
Therefore No C is A. 


XVIII. No A is B: 

But Every A is C : 
Therefore Some C is not B* 


IX. No A is B; 

But Some C is A : 
Therefore Some C is not B. 


XIX. No A is B: 

But Every B is C : 
Therefore Some C is not A 


X. No A is B: 

But Some A is C : 
Therefore Some C is not B. 


XX. Every A is B 
But Every A is C : 
Therefore Some C is B. 
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Of these twenty forms I remark, that XVI. is the 
same with V. ; the latter changing into the former, 
if you write C for A, and A for C, and begin with 
the second proposition: there are accordingly but 
nineteen different forms. 

The foundation of all these forms is reduced to 
two principles, respecting the nature of containing 
and contained. 

I. Whatever is in the thing contained must likewise 
be in the thing containing. 9 

II. Whatever is out of the containing must likewise 
be out of the contained. 

Thus, in the last form, where the notion A is con 
tained entirely in notion B, it is evident, that if A is 
contained in the notion C, or makes a part of it, 
that some part of notion C will certainly be contained 
in notion B, so that some C is B. 

Every syllogism, then, consists of three proposi- 
tions ; the two first of which are called the premises, 
and the third the conclusion. Now, the advantage 
of all these forms to direct our reasonings is this, 
that if the premises are both true, the conclusion 
infallibly is so. 

This is likewise the only method of discovering 
unknown truths. Every truth must always be the 
conclusion of a syllogism, whose premises are indu- 
bitably true. Permit me only to add, that the for- 
mer of the premises is called the major proposition, 
and the other the minor. 

2lst February, 1761. 



LETTER CV, 

Analysis of some Syllogisms* 

It you have paid attention to all the forms Of syK 
logism which I have proposed, you must see, that 
every syllogism necessarily consists of thfee propo* 
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sitions ;• the two first are called premises, and the 
third the conclusion. Now the force of the nine- 
teen forms laid down consists in this property com- 
mon to them all, that if the two first propositions, 
or the premises,- are true, you may rest confidently 
assured of the truth of the conclusion. 

Let us consider, for example, the following syllo* 
gisra. 

NO VIRTUOUS MAN 18 A SLANDERER I 
But SOME SLANDERERS ARE LEARNED MEN : 

Therefore some learned men are not virtuous. 
Whenever you allow me the two first propositions, 
you are obliged to allow the third, which necessarily 
follows from it. 

This syllogism belongs to form XII. The same 
thing holds with regard to all the others which I 
have laid down, and which the figures whereby I 
have represented them render sensible. Here we 
are presented with three notions, Fig. 82, jsv» gg^ 
that of virtuous men, that of slanderers, and 
that of learned men. Q 

Let the space A represent the first, space 
B the second, and space C the third. It /^J\ 
being said, in the first proposition, that no Vv -> / 
virtuous man is a slanderer, we maintain that 
nothing contained in the notion of the virtu- v£/ 
ous man, that is, in the space A, is compre- 
hended in the notion of the slanderer, that is, space 
B ; therefore space A is wholly out of space B (see 

83 )* Fi* 83 

But it is said, in the second proposi- ^ 

tion, that some men comprehended in v^XCj/ 
notion B are likewise contained in that ^ 1 - orv> ^ 
of learned, that is, in space C ; or else, you may 
say that part of space B is within space g4 " 

C, Fig* 84, where the part of space B in- ^-5^-^ 
cluded^n C is marked with an * ; which 
will be likewise part of space C. Since, 
therefore, some part of space C is to, B, 
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and that the whole space B is out of space A, it is 
evident that the same part of space C must like- 
wise be out of space A, that is, some learned men are 
not virtuous. 

It must he carefully remarked, that this conclu- 
sion respects only the part * of notion C, which is 
comprehended in notion B ; for as to the rest, it is 
uncertain whether it be likewise excluded from 
notion A, as in Fig. 85, or wholly contained in it, as 
in Fig. 86, or only in part, as in Fig. 87. 

Fig. 85. Fig. 86. Fig. 87. 

(■EL® 

Now, this being left uncertain, the remainder of 
space C falls not at all under consideration; the 
conclusion is limited to that only which is certain, 
that is to say, the same part of space C contained 
in space B is certainly out of space A, for this last 
is wholly out of space B. 

The justness of all the other forms of syllogism 
may be demonstrated in like manner ; but all those 
which deviate from the nineteen forms laid down, 
or which are not comprehended under them, are 
destitute of foundation, and lead to error and false- 
hood. 

You will clearly discern the fault of such a syllo- 
gism, by an example, not reducible to any of the 
nineteen forms : 

SOME LEARNED MEN ARE MISERS .' 
But NO MISER IS VIRTUOUS : 

Therefore some virtuous men are not learned. 

This third proposition may perhaps be true, but 
it does not follow from the premises. TMeytoo 
(the premises) may very well be true, and in the 
present instance they actually are so : but the thW 
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is not, for that, a fair conclusion ; because it is con- 
trary to the nature of just syllogism, in which the 
conclusion always must be true, when the premises 
are so. Accordingly, the fault of the form above 
proposed is immediately discovered, by casting your 
eyes on Fig. .82. Let space A contain all the learned, 
space B all the avaricious, and space C all the virtu- 
ous. Now, the first proposition is represented by 
Fig. 88, in which part * of space A (the learned) 
is contained in space B (the avaricious) ; but it by 
no means follows, Fig. 89, that part of space C must 
be out of space A. 



Fig. 88. Fig. 89. 




It is even possible for space C to be entirely 
within space A, as in Fig. 90, or entirely out of it, 
as in Fig. 91, and at the same time entirely out of 
space B. 

Fig. 90. Fig. 91. 




A syllogism of this form, accordingly, is totally 
false and absurd. 

Another example will put the matter beyond a 
doubt : 

SOME TREES ARE OAKS : 
But NO OAK IS A FIR : 

Therefore some firs abe hot trees. 
Tliis form is precisely the same with the preced- 
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ing, and the falsehood of the conclusion is manifest 
though the premises are undoubtedly true. 

But whenever a syllogism is reducible to one of 
the above nineteen forms, you may be assured that 
if the two premises are true, the conclusion unques- 
tionable always is so too. Hence you perceive now, 
from certain known truths, you attain others before 
unknown ; and that all the reasonings by which we 
demonstrate so many truths in geometry may be 
reduced to formal syllogisms. It is not necessary, 
however, that our reasonings should always be pro- 
posed in the syllogistic form, provided the funda- 
mental principles be the same. In conversation, in 
discourse, and in writing, we rather make a point 
of avoiding syllogism. 

I must further remark, that as the truth of the 

S remises brings forward that of the conclusion, it 
oes not thence necessarily follow, that when one 
or both of the premises are false, the conclusion 
must be so likewise ; but it is certain, that when the 
conclusion is false, one of the premises, or both, 
absolutely must be false ; for if they were true, it 
would be impossible that the conclusion should be 
false. I have still some further reflections to sub- 
mit to you on this subject, which is the foundation 
of the certainty of all the knowledge we acquire. 
24th February, 1761. 



LETTER CVI. 

Different Figures and Modes of Syllogisms, 

The reflections which I have still to make on the 
subject of syllogism may be reduced to the follow- 
ing articles : 

I. A syllogism contains only three notions, named 
terms, in as far as they are represented by words. 
For though a syllogism contains three proi»o£iricr!'- 
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and each proposition two notions, or terms ; it must 
be considered that each term is twice employed in 
it, as in the fallowing example : 

EVERY A Is fi 1 

But EVEKT A jeC; 
Therefore some C is B. 
The three notions are marked by the letters A, B, C, 
which are the three terms of this syllogism; of 
which the term A enters into the first and second 
proposition, the term B into the first and third pro- 
position, and the term G into the second and third 
proposition. 

II. You must carefully distinguish these three 
terms of every syllogism. Two of them, namely, 
B and C, enter into the conclusion, the one of 
which, C, is the suhject* and the other* B, the attri- 
bute, or predicate. In logic, the subject of the con- 
clusion, C, is called the minor term, and the predicate 
of the conclusion, B, the major term* But the third 
notion, or the term A, is found in both premises, 
and it is combined with both the other terms in 
the conclusion. This term A is called the mean 
or medium term. Thus, in the following example : 

no tttactf is virtuous : 

But SOME LEARNED MEN ARE MISERS : 

Therefore some learned men are not virtuous. 

The notion learned is the minor term, that of mr- 
luous is the major, and the notion of miser is the 
mean term. 

III. As to the order of the propositions, it is a 
matter of indifference which of the premises is in 
the first or second place, provided the conclusion 
holds the last, it being- the consequence from the 

en i i se s . Logicians have, however, thought proper 
lay down this rule : 

The first pro-position is always that which contains the 
predicate of the conclusion, or the major term: for this 
is the reason that we give to this proposition the nam* 
of the major proposition. 
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The second proposition contain* ike minor term, at 
the subject of the conclusion ; and hence it has the name 
of the minor proposition. 

Thus, the major proposition of a syllogism contains 
the mean term, with the major term, or predicate 
of the conclusion ; and the minor proposition contains 
the mean term, with the minor term, or subject, of 
the conclusion. 

IV. Syllogisms are distinguished under different 
figures, according as the mean term occupies the 
place of subject^ or attribute, in the premises. 

Logicians have established four figures of syllo- 
gisms, which are thus defined : 

The first figure is that in which the mean term is 
the subject m the major proposition, and the predi- 
cate in the minor. 

The second figure, that in which the mean term ia 
the predicate in both the major proposition and the 
minor. 

The third figure, that in which the mean term is 
the subject in both the major and minor propositions. 
Finally, 

The fourth figure is that in which the mean term 
is the predicate in the major proposition, and the 
subject in the minor, 

Let P be the minor term, or subject of the conclu- 
sion ; Q the major term, or predicate, of the conclu- 
sion; and M the mean term: the four figures of 
syllogism will be represented in the manner follow- 
ing j 

Figure First. 
Major Proposition 
Minor Proposition 



Conclusion 



M Q 

P M 



P Q 



Figure Second. 
Major Proposition 
Minor Proposition 
Conclusion 



Q — M 

P , M 



P Q 
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Figure Third. 



Major Proposition 
Minor Proposition 
Conclusion 



M 

M 
P 



Figure Fourth, 



Major Proposition 
Minor Proposition 
Conclusion 



Q 
M 
P 



Q 
P 

Q 

M 
P 
Q 



V, Again, according as the propositions themselves 
are universal or particular, affirmative or negative, 
each figure contains several forms, called modes. In 
order the more clearly to represent these modes of 
each figure, we mark by the letter A universal 
affirmative propositions ; by the letter E t universal 
negative propositions; by the letter I, particular 
affirmative propositions: and, finally, by the letter 
0, particular negative propositions : or else, 

A represents a universal affirmative proposition, 

E represents a universal negative proposition. 

I represents a particular affirmative proposition. 

O represents a particular negative proposition. 

VL Hence our nineteen forms of syllogism above 
described are reducible to the four figures which I 
nave just laid down, as in the following tables : 

I. Modes of the First Figure. 



lat Mode 

A. A. A. 

Every M is Q : 
But Every P is M; 
Therefore Every P is Q. 


2d Mode. 
A. I. I, 

Every M is Q : 
But Some P is M : 
Therefore Some P is Q. 


3d Mode, 

K A. E. 
No M is Q : 
But Every P is M: 
Therefore No P U Q. 


4th Mude. 

E. I. 0. 
No M is Q: 
But Some P is M : 
Therefore Some P is not 0. 
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II. Modes of the 

1st Mode. 
A. E. E. 

Every Q is M : 
But NoPisM: 
Therefore No P is Q. 


Second Figure. 

2d Mode. 

A. 0. 0. 

Every Q is M : 
But Some Pis not M: 
Therefore Some P is not Q. 


3d Mode. 

E. A. E. 
NoQisM: 
But Every P is M: 
Therefore No P is Q. 

III. Modes of th 

1st Mode. 
A. A. I. 

Every M is Q: 
dux livery in. is Jr . 
Therefore Some P is Q. 


4th Mode. 
E. I. 0. 

No Q is M: 
But Some P is M: 
Therefore Some P is not Q. 

e Third Figure. 

3d Mode. 
I. A. I. 

Some M is Q: 

Tint Vvemr UK io D . 

Bui Hi very jwl is r i 
Therefore Some P is Q. 


3d Mode. 
A. 1. 1. 

Every M is Q : 
But Some M is P : 
Therefore Some P is Q. 


4th Mode. 

E, A, 0, 
No M is Q : 
But Every M is P : 
Therefore Some P is not Q, 


5th Mode. 
E. I. 0. 

No M is Q : 
But Some M is P : 
Therefore Some P is not Q. 

IV. Modes of th 

1st Mode. 
A. A. I. 

Every Q is M : 
But Every M is P : 
Therefore Some P is Q. 


6th Mode. 

0. A. 0. 

Some Mis not Q: 
But Every M is P : 
Therefore Some P is not Q. 

3 Fourth Figure 

2d Mode. 

1. A. I. 

Some Q is M: 
But Every Mis P: 
Therefore Some P is Q, 
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SdMode. 

A. E. E. 

Every Q is M : 
But NoMisP: 
Therefore No P is Q. 



4th Mode. 

E. A. 0. 
NoQisM: 
But Every Mis P: 
Therefore Some P if not Q. 



5th Mode* 
E. I. O. 
No Q is M : 
But Some M is P : 
Therefore Some P is not Q. 

You see, then, that the first figure has four modes, 
the second four, the third six, the fourth five ; so 
that the whole of these modes together is nineteen, 
being precisely the same forms which I have above 
explained, and have just now disposed in the four 
figures. In other respects the justness of each of 
these modes has been already demonstrated by the 
spaces which I employed to mark the notions. The 
only difference consists in this, that here I make use 
of the letters P, Q, M, instead of A, B, C. 

28M February, 1761. 



Observations and Reflections on the different Modes of 
Syllogism. 

I FLATtEtt myself that the following reflections 
will contribute not a little to place the nature of syl- 
logisms in a clearer light. You must pay particular 
attention to the species of the propositions which 
compose the syllogisms of each of our four figures, 
that is to say, whether they are, 

1. Universal affirmative, the sign of which is A ; Of* 
8. Universal negative, the sign of which is E ; or* 
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3 Particular affirmative, the sign of which is I ; or, 
finally, 

4. Particular negative, the sign of which is ; 
and you will readily admit the justness of the fol- 
lowing reflections : — 

I. In no one instance are both premises negative 
propositions. Logicians have hence formed this 
rule : 

From two negative propositions no conclusion can be 
drawn. 

The reason is evident ; for laying down P and Q 
as the terms of the conclusion, and M as the mean 
term, if both premises are negative, the affirmation 
is, that the notions P and Q are either wholly or in 
part out of M : it is accordingly impossible to con- 
clude any thing respecting the conformity or dis- 
conformity of the notions P and Q. Though I knew 
from history that the Gauls were not Romans, and 
that neither were the Celts Romans, this would not 
contribute in the least to inform me whether the 
Celtae were Gauls or not. Two negative premises, 
therefore, lead to no conclusion. 

II. Both premises are in no one instance particu- 
lar propositions : hence this rule in logic : 

From two particular propositions no conclusion can 
be drawn. 

Thus, for example, because some learned men are 
poor, and some others malevolent, it is im possible 
to conclude that those who are poor are malevolent, 
or that they are not so. If you reflect ever so little 
on the nature of a consequence, you must imme- 
diately perceive that two particular premises lead 
to no conclusion whatever. 

III. If either of the premises is negative, the conclu- 
sion too must be negative. 

This is the third rule which logic prescribes. 
When something is denied in the premises, it is im- 
possible to affirm any thing in the conclusion ; we 
must absolutely deny there likewise. This rule is 
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perfectly confirmed by all the laws of syllogism! 
whose justice has been demonstrated. 

IV. If one of the premises is particular, the conckt- 
. sion too must be particular. 

This is the fourth rule prescribed in logic. The 
character of particular propositions being the word 
some, if we speak only of some in one of the premises, 
it is impossible to speak generally in the conclu- 
sion; it must be restricted to some. This rule, like- 
wise, is confirmed by all the laws of syllogism, 
whose justness is indubitable. 

V. When both premises are affirmative, the conclu- 
sion is so likewise. But though both premises may be 
universal, the conclusion is not always universal ; some- 
times it is particular 1 only, as in the first mode of 
.figures third and fourth. 

VI. Besides universal and particular propositions, 
*we sometimes make use of singular propositions, 
rthe subject of which is an individual ; as, when I say, 

Virgil was a great poet, 
~the name of Virgil is not a general notion, contain- 
ing several beings in itself; it is the proper name of 
a real individual, who lived a great many years ago. 
"This proposition is called singular ; and when it is 
introduced into a syllogism, it is of importance to 
determine whether we are to consider it as holding 
the rank of a universal or particular proposition. 

VII. Certain authors insist, that a singular propo- 
sition must be ranked in the class of particulars ; it 
being considered that a particular proposition speaks 
only of some beings comprehended in the notion, 
whereas a universal proposition speaks of all. 
Now, say these authors, when we speak of only a 
singular being, this is still less than when we speak 
of some ; and consequently, a singular proposition 
must be considered as very particular. 

VIII. However well founded thi&TOraw&u&Tfta^ 
appear, it cannot be admitted. TYve *t 

particular proposition consists ukt\ft&,\ta&iX *n«» 
VoL.L—Hh 
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not speak of all the beings comprehended in the no* 
tion of the subject, whereas a universal proposition 
speaks of all without exception. Thus, when it is 
8 aid, 

Some citizens of Berlin are rich, . 
the subject of this proposition is the notion of all the 
citizens of Berlin ; but this subject is not taken in all 
its extent — its signification is expressly restricted 
to some ; and by this, particular propositions are es- 
sentially distinguished from universal, as they turn 
only on a part of the beings comprehended in their 
subject. 

IX. It is clearly evident, from this remark, that a 
singular proposition must be considered as universal; 
as, in speaking of an individual, say Virgil, it in no 
respect restricts the notion of the subject, which is 
Virgil himself, but rather admits it in all its extent ; 
and for this reason, the same rules which take place in 
universal propositions apply likewise to singular propo- 
sitions. The following is accordingly a very good 
syllogism : 

Voltaire is a philosopher : 
But Voltaire is a poet : 
Therefore some poets are philosophers. 
And it would be faulty if the two premises were 
particular propositions ; but being considered as uni- 
versal, this syllogism belongs to figure third, and the 
first mode of the form A. A. I. . The individual idea 
of Voltaire is the mean term, which is the subject 
of both major and minor ; and this is the character 
of figure third. 

X. Finally, I must remark/ that hitherto I have 
spoken only of simple propositions, which contain only 
two notions, the one of which is affirmed or denied, 
universally or particularly. With respect to com- 
pound propositions, logic prescribes peculiar rules. 

3d March, 176L 
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LETTER CVIII. 

Hypothetical Propositions, and Syllogisms constructed 
of them. 

We have hitherto considered simple propositions 
only, or such as contain but two notions, the one of 
which is the subject, the other the predicate. These 
propositions can form no other syllogisms, except ' 
those which I have laid before you, and which are 
contained in the four figures above explained. But 
we likewise frequently employ compound propositions, 
which contain more than two notions, and respect- 
ing which other rules are to be observed, in order to 
deduce fair conclusions from them. 

Of these compound propositions, the most com- 
mon are those which are called hypothetical^ or con- 
ditional, which contain two complete propositions, 
with an affirmation, that if the one is true, the other 
is so likewise : the following is an example of a con- 
ditional proposition : 

If the gazette speaks truth, peace is not very 
distant. 

Here are two propositions, the first, the gazette 
speaks truth, or, the gazette is true : and the other, 
peace is not very distant, or peace is approaching. . 

Now these two propositions must be connected 
together in such a manner, that if the .first is true, 
the second is so likewise ; or it is maintained, that 
the second proposition is a necessary consequence 
of the first, so that the former cannot be true, with- 
out establishing the truth of the other also. Sup- 
posing, then, that the gazettes announce the ap- 
proach of peace, we are warranted in saying, that* 
if the gazettes are true, peace must be at hand. 

Without this condition, such a pxo^^\\\wv\«^» 
to nothing; but if this condition Va com^aa^^™^ 
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then, with the addition of some other proposition, 
there are two ways of drawing a conclusion from it 
1st. When some person assures us, that the gazette 
speaks truth; for hence we conclude that peace is 
near : 9d. When we are told, that peace is still very 
distant ; then we make no hesitation in thence con- 
cluding that the gazette does not speak truth. 

You see that these two conclusions are general, 
and give two forms of hypothetical or conditional 
syllogisms, which may be thus represented : 
First Form. 
If A is B, C will bi D : 
But A is B: 
Therefore C is D. 

Second Form, 
r If AisB, C wdllbiD: 

But Cis not D: 
Therefore A is not B. 
These two are the only just conclusions ; and you 
must be carefully on your guard against the fallacy 
of the two following forms : 

First erroneous Form. 
If A is B, C will be D : 
But A is not B : 
Therefore C is not D. 

Second erroneous Form. 
If A is B, C will be D : 
But C is D : 
Therefore A is B. 
These are both fallacious. In the example adduced 
I should reason inconclusively, if I argued in this 
manner : 

If the gazette speaks truth, peace is 

APPROACHING : 
But THE GAZETTE DOES NOT SPEAK TRUTH I 

Therefore peace is not approaching. 
It is undoubtedly trufc tha.t the gazette may not 
•peak truth ; neyetVYveV^s, *\\. H&'^otj \»us&&fe ^Jasi* 
peace may be appxoaxtaMvfe. 
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The other form is equally erroneous : 

If THE GAZETTE IS TRUE, PEACE AP- 
PROACHES : 
But PEACE APPROACHES : 

Therefore the gazette is true. 
Let us suppose that this consolatory truth, peace ap- 
proaches, were revealed to us, so as to be put beyond 
the possibility of doubt, it would by no means follow 
that gazettes are true, or that they never contain 
untruths. J hope at least that peace is at hand, 
though I am very far from putting confidence in the 
truth of gazettes. 

These two last forms of syllogisms, therefore, are 
fallacious ; but the two preceding are certainly good, 
and never lead into error, provided that the first con- 
ditional proposition is true, or that the last part be a 
necessary consequence of the first. 

Of this conditional proposition — 

If A is B, C will be D ; 
the first part, A is B, is called the antecedent, and 
the other, C will be D, the consequent Logic pre- 
scribes the two following rules to direct us in this 
style of reasoning : 

I. Whoever admits the antecedent must likewise admit 
the consequent. 

II. Whoever denies or. rejects the consequent must 
likewise deny or reject the antecedent. 

But you may very well deny the antecedent with- 
out denying the consequent, and likewise admit the 
consequent without admitting the antecedent. 

There are still other compound propositions, of 
which also syllogisms may be formed. It will per- 
haps be sufficient to produce a single example. 
Having this proposition, — 

Every substance is body or spirit, — 
the conclusion will run in the following manner ; 

I. But such a substance is not body ; 
Therefore it is spirit. 

Hh2 ^ 
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II. But such a substance is body ; 
Therefore it is not spirit. 

But it is entirely unnecessary to detain you longer 
on this subject. 

7th March, 1761. 



LETTER CIX. 
Of the Impression of Sensations on the Soul. 

Having endeavoured to unfold the principles of 
logic, whose object it is to lay down infallible rules 
for right reasoning, I must still detain you a little 
longer on the subject of ideas. 

We undoubtedly derive them, in the first instance, 
from real objects, which strike our senses ; and as 
far as they are struck with any object, a sensation 
corresponding is thereby excited in the soul. Not 
only do the senses represent to the soul the idea of 
that object, but they give it full assurance of its ex- 
istence out of us ; and it is of importance to remark, 
that the sensation is not indifferent to the soul, but 
always accompanied with some pleasure or disgust, 
to a greater or less degree. 

Now, having once acquired, through this medium, 
the idea of any object, the soul does not lose it when 
the object ceases to act on our senses : it is only 
the sensation, by which the soul is agreeably or 
disagreeably affected, that is lost ; but it still pre- 
serves the idea of the object itself. Not that the 
idea is ever present to it, or that it continually 
cherishes such idea in thought; but it possesses 
the power of awakening or recalling the idea at 
pleasure. 

This faculty of the soul, by which it is enabled to 
recollect ideas once perceived, is called reminiscence, 
which contains t\ie &q\oc& m^mor^ Deprived 
of the power of racaWxag ^*sx S&r&s^'Ck&. 
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eeiving would answer little or no purpose ; if we 
lost every moment the recollection of ideas once 
perceived, we should always be in the state of new- 
born infants, that is, in a state of the most profound 
ignorance. Reminiscence, then, is the most pre- 



sold of man, and here its spirituality shines in the 
brightest lustre ; for by means of this faculty the 
soul gradually rises to the attainment of knowledge 
the most sublime. 

But though recollected ideas represent to us the 
same objects which perceived ideas do, they differ 
from them in this, that they are not accompanied 
with the sensation, nor with the conviction, that the 
objects really exist. If you have once been a spec- 
tator of a conflagration, you can recall the idea of it 
whenever you will, without imagining, however, that 
there really is one. It is even possible, that for a 
very long time you may not have thought of such a 
conflagration, but without having lost the power of 
recalling the idea of it. 

It is the same with respect to all the ideas which 
we have once perceived ; but it frequently happens 
*hat we lose almost entirely the recollection, or, in 
other words, forget them. We remark, neverthe- 
less, a yery great difference between ideas forgotten 
and ideas wholly unknown, or such as we never 
had. With respect to the first, as soon as the samti 
object presents itself afresh to our senses, we much 
more easily catch the idea of it, and we recollect 
perfectly, that it is the same which we had for- 
gotten : this would not be the case had we never 
possessed it. 

It is here the materialists boast of having found a 
idemonstration of their opinions. They conclude 
from it, that it is extremely clear, the soul is nothing 
else but a subtile matter, on which external 
are capable of making some slight Vi»$im8ta^\st 
means of the senses : that thisuiipteE^OTL Sa^Ste£0% 
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else but the idea of the objects ; and that as long as 
it remains, the recollection is preserved ; but that 
we forget it when the impression is totally effaced. 

If this reasoning were solid, ideas must neces- 
sarily remain always present with us till we forget 
them. This, however, is not the case ; for we recall 
them when we please : and if the impression were 
effaced, how could matter recollect that it formerly 
had that impression, on receiving it afresh ? And 
though it be very certain that the action of objects 
on the senses produces some change in the brain, 
this change is very different from the idea which 
is occasioned by it ; and the sentiment of pleasure 
or disgust, as well as the judgment respecting the 
object itself which caused this impression, equally 
require a being wholly different from matter, and en- 
dowed with qualities of quite a different nature. 

Our advances in knowledge are not limited to 
ideas perceived : the same ideas recollected in the 
memory form for us, by abstraction, general ideas 
of them, which contain at once a great number of 
individual ideas ; and how many abstract ideas do 
we form respecting the qualities and accidents of 
objects which have no relation to any thing corpo- 
real, such as the notions of virtue, of wisdom, &c. 

This, after all, refers only to the understanding, 
which comprehends but a part of the faculties of 
the soul ; the other part is not less extensive, namely, 
the will and liberty, on which depend all our resolu- 
tions and actions. There is nothing in the body 
relative to this quality by which the soul freely de- 
termines itself to certain actions, even after mature 
deliberation. It pays regard to motives, without 
being forced to submit to their influence ; and lib- 
erty is so essential to it, as well as to all spirits, 
that it would be as impossible to imagine a spirit 
without liberty, as a body without extension. God 
himself could not divest a spirit of this essential 
property. 

It is by this, acroi&n&Yy ^ that we are enabled to 
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solve all the perplexing .questions respecting the 
origin of evil, the permission of siri, and the ex- 
istence of all the calamities by which the world is 
oppressed; their great and only source is human 
liberty. 

10th March, 1761. 

LETTER CX. 
Of the Origin and Permission of Evil; and of Sin. 

The origin and permission of evil in the world is 
an article which has in all ages greatly perplexed 
theologians and philosophers. To believe that God, * 
a Being supremely good, should have created this 
world, and to see it overwhelmed with such a variety 
of evil, appears so contradictory, that some found 
themselves reduced to the necessity of admitting 
two principles, the one supremely good, the other 
supremely evil. This was the opinion entertained 
by the ancient heretics known in history by the 
name of Manicheans ; who, seeing no other way of 
accounting for the origin of evil, were reduced to 
this extremity. Though the question be extremely 
complicated, this single remark, that liberty is a 
quality essential to spirits, dispels at once a great 
part of the difficulties which would otherwise be in- 
surmountable. 

In truth, when God had created man, it was too 
late to prevent sin, his liberty being susceptible of 
no constraint. But, 1 shall be told, it would have 
been better not to create such and such men, or 
spirits, who, as God must have foreseen, would abuse 
their liberty, and plunge into sin. I should deem it 
rather rash to enter upon this discussion, and to pre- 
tend to judge of the choice which God might have 
been able to make in creating spirits ; and perhaps 
the plan of the universe reauired the existm<& *1 
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spirits of every possible description. And, in fact, 
when we reflect that not only our earth, but all the 
planets, are the habitations of rational beings ; and 
that even all the fixed stars are suns, each of which 
may have around it a system of planets, likewise 
habitable, — it is clear that the number of all the 
beings endowed with reason, which have existed, 
which do exist, and which shall exist, in the whole 
universe, must be infinite. 

It is therefore unpardonable presumption to in- 
sinuate that God ought not to have granted exist- 
ence to a great number of spirits ; and the very per- 
sons who thus reproach their Maker would certainly 
not wish to be of the number of those to whom ex- 
istence was denied. This first objection, then, is 
sufficiently done away ; and it is no way inconsistent 
with the Divine perfections that existence has been 
bestowed on all spirits, good and bad. 

It is next alleged, that the mischievousness of 
spirits, or reasonable beings, ought to have been re- 
pressed by the Divine Omnipotence. On this I re- 
mark, that liberty is so essential to all spirits as to 
be beyond all power of constraint ; the only method 
of governing spirits consists in the use of motives to 
dispose them to what is good, and to dissuade them 
from evil ; but in this respect we do not find the 
slightest ground of complaint. The most powerful 
motives have undoubtedly been proposed to all spirits, 
to incline them to good, these motives being founded 
on their own salvation ; but they by no means em- 
ploy constraint, for this would be contrary to their 
nature, and in all respects impossible. 

However wicked men may be, it never can be in 
their power to excuse themselves, from ignorance 
of the motives which would have prompted them to 
good : the divine law, which constantly aims at their 
everlasting happiness, is engraven on their heart ; 
and it must always be their own fault if they plunge 
into evil. Religion discovers to us likewise so many 
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other means which God employs to reclaim us from 
our wanderings, that, on this side, we may rest con- 
fidently assured that God has omitted nothing which 
could have prevented the malignant explosions- of 
men, and of other reasonable beings. 

But those wbo bewilder themselves in such doubts 
respecting the origin and the permission of evil in 
the world, perpetually confound the corporeal with 
the spiritual world ; they imagine that spirits are, as 
bodies, susceptible of constraint. Severe discipline 
is frequently capable of preventing, among the chil- 
dren of a family, the soldiers of an array, or the in- 
habitants of a city, the open eruption of perverse 
dispositions ; but it must be carefully remarked that 
this constraint extends only to what is corporeal ; 
it in no respect restrains the spirit from being as 
vieious and as malignant as if it enjoyed the most 
unbounded license. 

Human governments must rest contented with 
this exterior or apparent tranquillity, and give them- 
selves little trouble about the real dispositions of 
men's minds ; but before God the thoughts all lie 
open, and perverse inclinations, however concealed 
from men, are as abominable in his sight as if they 
had broken out into the most atrocious actions. Men 
suffer themselves to be dazzled by false appearances; 
but God has respect to the real dispositions of 
every spirit, according as they are virtuous or 
vicious, independently of the actions which flow 
from them. 

The Holy Scriptures contain to this pnrpose the 
most pointed declarations, and inform Us that he 
who meditates only the destruction of his neighbour, 
suffering himself to be hurried away by a spirit of 
hatred, is as criminal in the sight of God as the ac- 
tual murderer ; and that he who indulges a covetous 
desire of another's property is, in His estimation, as' 
much a thief as he who really steals. 

In this respect, therefore, the government of GsA 
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over spirits, or rational beings, is infinitely different 
from that which men exercise over men like them- 
selves ; and we greatly err if we imagine that a 
government which appears the best in the eyes of 
men is really so in the judgment of God. * This is a 
reflection of which we ought never to lose sight. 
14th March, 1761. 



LETTER CXI. 

Of Moral and Physical Evil, 

When a complaint is made of the evils which pre- 
vail in the world, a distribution of them into two 
classes takes place, — moral evils and physical evils. 
The class of moral evils contains the perverse or 

vicious inclinations, the dispositions of spirits to 
what is evil or criminal, which is undoubtedly the 
most grievous calamity and the greatest imperfec- 
tion which can exist. 

In truth, with regard to spirits, it is impossible to 
conceive a more deplorable irregularity than when 
they deviate from the eternal laws of virtue, and 
abandon themselves to the commission of vice. 
Virtue is the only means of rendering a spirit happy ; 
to bestow felicity on a vicious spirit is beyond the 
power of God himself. Every spirit addicted to 
vice is necessarily miserable, and unless it retufn to 
virtue its misery cannot come to an end : such is the 
idea I form of demons, of wicked and infernal spirits 
— an idea which to me appears consonant to what 
Scripture suggests on the subject. 

Infidels make a jest of this; but as men cannot 
pretend to be the best of all rational beings, neither 
can they boast of being the most wicked ; there are 
undoubtedly beings much more depraved than the 
most malignant of mankind, such as devils. But I 
have already made it appear that tho existence of so- 
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many corrupted men and spirits ought not to form 
any objection against the perfection of this world, 
much less be considered as an imputation of the Su- 
preme Being. 

A spirit, the devil not excepted, is always a being, 
excellent, and infinitely superior to every thing that 
can be conceived in the corporeal world ; and this 
world, as far as it contains an infinite number of 
spirits, of all orders, is always a work of the highest 
perfection. Now, all spirits being essentially free, 
criminality was possible from the commencement 
of their existence, and could not be prevented even 
by the Divine Omnipotence. Besides, spirits are the 
authors of the evils which necessarily result from 
sin, every free agent being always the only author 
of the evil which he commits ; and, consequently, 
these evils cannot be imputed to the Creator ; as, 
among men, the workman who makes the sword is 
not responsible for the mischief that is done with it. 
Thus, with respect to the moral evils which prevail 
in the world, the sovereign goodness of God is suf- 
ficiently justified. 

The other class, that of physical evils, contains all 
the calamities and miseries to which men are ex- 
posed in this world. It is admitted that most of 
these are a necessary consequence of the malice and 
other vjicious propensities with which men as well 
as other spirits are infected ; but as these conse- 
quences are communicated by means of bodies, it is 
asked, Why God should permit to wicked spirits the 
power of acting so efficaciously on bodies, and of 
employing them as instruments to execute their per- 
nicious purposes ? A father who saw his son on 
the point of committing a murder would snatch the 
sword out of his hand, and prevent the perpetration 
of a crime so heinous. I have already observed, 
that this abandoned son is equally guilty before God, 
whether he has actually accomplished his design, or 
only made ineffectual efforts to execute. vl\ -asASJoft. 
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father, who prevented him, does not thereby render 
him better. 

We may nevertheless confidently maintain, that 
God does not permit a free course to the wicked- 
ness of man. Did nothing resist the execution of 
all the pernicious purposes of the human heart, how 
miserable should we be ! We frequently see that 
the wicked have great difficulties to encounter; and 
though they should succeed, they have no power 
over the consequences of their actions, which always 
depend on so many other circumstances that, in the 
issue, they produce the directly opposite effect from 
what was intended. It cannot be denied, at the same 
time, that there may result from these calamities 
and miseries to torment mankind ; and it is imagined 
that the world would be infinitely better governed 
were God to interpose an effectual restraint to the 
wickedness and audacity of men. 

It would undoubtedly be very easy for God to 
crush to death a tyrant before he could realize his 
cruel and oppressive designs ; or to strike dumb an 
unjust judge who was going to pronounce an iniqui- 
tous sentence. We might then live quietly, and 
enjoy all the comforts of life, supposing God were 
to grant us the blessings of health, and all the good 
things we could wish for : our happiness would thus 
be perfect. On this plan they would have the world 
governed, in order to render us all happy : the wicked 
disabled to perpetrate their criminal purposes, and 
the good in possession of the peaceful enjoyment of 
all the blessings which they can desire. 

It is believed, and with good reason, that God 
wishes the happiness of men ; and it is matter of 
surprise that this world should be so different from 
the plan which is imagined the most proper for the 
attainment of this end. We rather see the wicked 
frequently enjoying, not only all the advantages of 
this life, but put in a condition to execute their ma- 
chinations, to the confusion and distress of persons 
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of worth ; while the good are oppressed and over- 
whelmed by the most sensible evils, pains, diseases, 
mortifications, loss of goods, and, in general, by 
every species of calamity ; and that at last the good 
as well as the bad must infallibly die, which appears 
to be the greatest of all evils. 

Looking on the world in this point of view, one is 
tempted to call in question the supreme wisdom and 
goodness of the Creator ; but it is a hazard which 
we must take great care to avoid. 
7th March, 1761. 



LETTER CXII. 
Reply to Complaints of the Existence of Physical Evil. 

Supposing our existence limited to the present 
life, the possession of the good things of this world 
and the enjoyment of every delight would be very 
far from filling up the measure of our happiness. 
All are agreed, that true felicity consists in mental 
tranquillity and satisfaction, which are seldom if ever 
accompanied with that brilliancy of condition which 
is considered as such an inestimable blessing by 
those who judge only from appearances. 

The insufficiency of temporal good things to ren- 
der us happy becomes still more manifest when we 
come to reflect on our real destination. Death does 
not put a period to our existence, it rather transmits 
us into another life, which is to endure for ever. 
The faculties of our soul, and our attainments in 
knowledge, will then no doubt be carried to the high- 
est perfection ; and it is on this new state that our 
real happiness depends, and this state cannot be 
happy without virtue. 

The infinite perfections of the Supreme Being, 
which we now perceive only as through a thick 
cloud, shall then shine in the brightest lustre^ 



/ 



876 SU8TBMCB OF PHYSICAL BYlti. 

shall become the principal object of our contempla- 
tion, admiration, and adoration. There, not only 
shall our understanding find the most inexhaustible 
stores of pure and perfect knowledge, but we shall 
be permitted to hope for admission into favour with 
the Supreme Being, and to aspire after the most en- 
dearing expressions of his love. How happy do . 
we reckon the peculiar favourites of a great prince, 
especially if he is really great, though the favours 
which he bestows are marred by many infusions of 
bitterness ! What will it then be, in the life to come, 
when God himself shall shed abroad his love in our 
hearts— & love, the effects of which shall never be in- 
terrupted nor destroyed t This shall thenceforward 
constitute a felicity infinitely surpassing all that we 
can conceive. 

In order to participate in these inexpressible fa- 
vours, flowing from the love of the Supreme Being, 
it is natural that, on our part, we should be pene- 
trated with sentiments of the most lively affection 
to him. This blessed union absolutely requires in 
us a certain disposition, without which we should be 
incapable of participating in it ; and this disposition 
consists in virtue, the basis of which is the love of 
God, and that of our neighbour. The attainment 
of virtue, then, should be our chief, our only object 
in this life, where we exist but for this end— -to pre- 
pare for, and to render ourselves worthy of, partaking 
m supreme and eternal felicity. 

In this point of view, we must form a judgment of 
the events which befall us in this life. It is not the 
possession of the good things of this world that ren- 
ders us happy ; it is rather a situation which most 
effectually conducts to virtue. If prosperity were 
the certain means of rendering us happy, we might 
be suffered to complain of adversity ; but adversity 
may rather have the effect of confirming our virtue : 
and, in this view, all the complaints of men respect- 
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ing the physical evils of life are likewise completely 
done away. 

You have no difficulty, then, in comprehending 
that God had the most solid reasons for admitting 
into the world so many calamities and miseries, as 
the whole obviously contributes to our salvation. It 
is unquestionably true that these calamities are, for 
the most part, natural consequences of human cor- 
ruption ; but it is in this very thing that we must 
principally admire the wisdom of the Supreme Being, 
who knows how to overrule the most vicious actions 
for our final happiness. 

Many pood people would not have reached such 
a sublimity of virtue, had they not been oppressed 
and tormented by cruelty and injustice. 

I have already remarked, that bad actions are 
such only with regard to those who commit them : 
the determination of their soul alone is criminal, the 
action itself being a thing purely corporeal,, inasmuch 
as, considered independently of the person who com- 
mits it, there is nothing either good or evil in the 
case. A mason falling from the roof of a house 
upon a man as certainly kills him as the most deter- 
mined assassin. The action is absolutely the same : 
but the mason is not guilty in the slightest degree; 
whereas the assassin deserves the severest punish- 
ment. Thus, however criminal actions may be with 
regard to those who commit them, we must consider 
them in quite a different light as they affect ourselves, 
or produce an influence on our situation. 

We ought therefore to reflect, that nothing can 
befall us but what is perfectly consonant to the 
sovereign wisdom of God. The wicked may be 
guilty of injustice towards us, but we cannot upon 
the whole suffer from it ; no one can ever injure us, 
though he may greatly hurt himself ; and in every 
thing that comes to pass, we ought always to ac- 
knowledge God, as if it befell us immediately by 
his express appointment. We may, moreover 
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mured that it is not from caprice, or merely to rex 
VBf that God disposes the events in which we are 
concerned, but that they must infallibly terminate in 
our true happiness. Those who consider all events 
in this light will soon have the satisfaction of being 
convinced that God exercises a peculiar care over 
them. 

21** March, 1761. 



LETTER CXIH. 

The real Destination of Man ; Usefulness and Neces- 
sity of Adversity. 

I hopi you have no doubts remaining with respect 
to this great question, — How the evils of this world 
can be reconciled to the supreme wisdom and good- 
ness of the Creator ? The solution of it is incon- 
testably founded on the real destination of man, ami 
of other intelligent beings, whose existence is not 
limited to this life. The moment that we lose sight 
of this important truth, we find ourselves involved 
in the greatest perplexity ; and if man were created 
only for this life, it would assuredly be impossible 
to establish a consistency between the perfections 
of God and the distresses and miseries with which 
this world is oppressed. Those miseries would be 
but too real ; and it were absolutely impossible to 
explain, how the prosperity of the wicked, and the 
misery of so many good people, could consist with 
the Divine justice. 

But no sooner do we reflect that this life is but 
the commencement of our existence, and that it is a 
preparation for one that shall endure eternally, than 
the face of things is entirely changed, and we are 
obliged to form a very different judgment of the 
evils with which this life appears to be overspread. 
I have already remarked, that the prosperity which 
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we enjoy in this world is the reverse of a suitable 
preparation for a future life, and for rendering » 
worthy of the felicity which there awaits us. How- 
ever important to our happiness the possession of 
the good things of this world may appear, this 
quality pertains to them only in so far as they are 
impressed with the signatures of Divine goodness, 
independent of which no earthly possessions could 
constitute our felicity. 



all other delights are but an empty shade, and are 
capable of yielding only a momentary satisfaction* 
Accordingly we see that those who enjoy them in 
the greatest abundance are quickly satiated; and 
this apparent felicity serves only to inflame their 
desires and to disorder their passions, by estranging 
them from the Supreme Good, instead of bringing 
them nearer to Him. But true felicity consists in 
a perfect union with God, which cannot subsist 
without a love and a confidence in his goodness 
transcending all things; and this love requires a 
certain disposition of soul, for which we must be 
making preparation in this life. 

This disposition is virtue, the foundation of which 
is contained in these two great precepts : 

Thou shalt love the Lord thy God with all thy heart, 
with all thy soul, with all thy strength, and with aU 
thy mind; 
and the other, which is like unto it : 
Thou shalt love thy neighbour as thyself. 
Every other disposition of soul which deviates 
from these two precepts is vicious, and absolutely 
unworthy to partake of true happiness. It is as im- 
possible for a vicious man to enjoy happiness in the 
life to come, as for a deaf man to relish the pleasure 
of an exquisite piece of music. He must be for 
ever excluded from it, not by an arbitrary decree of 
God, but by the very nature of the thing; a vicioua 
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is to be found only in God himself; 
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man not being, from his own nature, susceptible of 
supreme felicity. 

If we consider the order and economy of the 
world in this point of view, nothing can be more 
perfectly disposed for the attainment of this great 
end. All events, the calamities themselves which 
we undergo, are the most suitable means for con- 
ducting us to true happiness ; and in this respect it 
may be with truth affirmed, that this is indeed the 
best world possible, as every thing in it concurs to 
promote our eternal salvation. .When I reflect that 
nothing befalls me by chance ; but that every event 
is directed by Providence, in the view of rendering 
me truly and everlastingly happy, how ought this 
consideration to raise my thoughts to God, and to 
replenish my soul with the purest affection. 

But however efficacious these means may be in 
themselves, they exercise no force upon our minds, 
to which liberty is so essential that no degree of 
constraint can possibly take place. Experience, ac- 
cordingly, frequently demonstrates, that our attach- 
ment to the objects of sense renders us too vicious 
to listen to these salutary admonitions. Abuse of 
the means which would have improved our virtue 
plunges us deeper and deeper into vice, and hurries 
us aside from the only path that leads us to hap- 
piness. 

24th March, 1761. 



LETTER CXIV. 

Of true Happiness. Conversion of Sinners, Reply 
to Objections on the Subject. 

The holy life of the apostles, and of the other 
primitive Christians, appears to me an irresistible 
proof of the truth of the Christian religion. If true 
happiness consists in union with the Supreme Being, 
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which it is impossible for a moment to doubt, the 
enjoyment of this happiness necessarily requires, on 
our part, a certain disposition, founded on supreme 
love to God, and the most perfect charity towards 
our neighbour ; so that all those who are destitute 
of this disposition destroy their own pretensions to 
celestial felicity; and wicked men are from their 
very nature necessarily excluded from it, it being 
impossible for God himself to render them happy. 
For the Divine Omnipotence extends only to things 
which are in their nature possible, and liberty is so 
essential to spirits that no degree of constraint can 
take place with respect to them. 

It is only by motives, therefore, that spirits can 
be determined to that which is good; now, what 
motives could be proposed to the apostles and other 
disciples of Jesus Christ, to embrace a virtuous life, 
more powerful than the instructions of their divine 
Master, his miracles, his sufferings, his death and 
resurrection, of which they were witnesses. All 
these striking events, united to a doctrine the most 
sublime, must have excited in their hearts the most 
fervent love and the most profound veneration for 
God, whom they could not but consider and adore 
as at once their heavenly Father and the absolute 
Lord of the whole universe. These lively impres- 
sions must necessarily have stifled in their breasts 
every vicious propensity, and have confirmed them 
more and more in the practice of virtue. 

This salutary effect on the minds of the apostles 
has nothing in it of itself miraculous, or which en- 
croaches in the smallest degree on their liberty, 
though the events be supernatural. The great re- 
quisite was simply a heart docile and uncorrupted by 
vice and passion. The mission, then, of Jesus Christ 
into the world produced in the minds of the apos- 
tles this disposition, so necessary to the attainment 
and the enjoyment of supreme happiness ; and that 
mission still supplies the same motives to \nkto&'Gba 
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same end. We have only to read attentively, and 
without prejudice, the history of it, and seriously to 
meditate on all the events. 

I confine myself to the salutary effects of our 
Saviour's mission, without presuming to dive into 
the mysteries of the work of our redemption, which 
infinitely transcend the powers of human understand- 
ing. I only remark, that these effects, of the truth 
of which we are convinced by experience, could not 
be produced by illusion, or human imposture ; they 
are too salutary not to bo divine. They are likewise 
perfectly in harmony with the incontestable princi- 
ples which we have laid down, that spirits can be 
governed only by motives. 

Theologians have maintained, and some still main- 
tain, that conversion is the immediate operation of 
God, without any co-operation on the part of man. 
They imagine, that an act of the Divine Will is 
sufficient to transform in an instant the greatest 
miscreant into a virtuous man. These good men 
may mean extremely well, and consider themselves 
as thus exalting the Divine Omnipotence ; but this 
sentiment seems to me inconsistent with the justice 
and goodness of God, even though it were not sub- 
versive of human liberty. How, it will with reason 
be said, if a simple exertion of the Divine Omnipo- 
tence is sufficient for the instantaneous conversion 
of every sinner, can it be possible that the decree 
should not actually pass, rather than leave so many 
thousands to perish, or employ the work of redemp- 
tion, by which a part only of mankind is saved! 
I acknowledge that this objection appears to me 
much more formidable than all those which infi- 
delity raises against our holy religion, and which 
are founded entirely in ignorance of the true desti- 
nation of man ; but, blessed be God, it can have no 
place in the system which I have taken the liberty 
to propose. 

Some divines will perhaps accuse me of heresy, 
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as if I were maintaining that the power of man is 
sufficient for his conversion ; but this reproach af- 
fects me not, as I am conscious of intending to place 
the goodness of God in its clearest light. In the 
work of conversion, man makes perfect use of his 
liberty, which is unsusceptible of constraint ; but 
man is always determined by motives. Now these 
motives are suggested by the circumstances and 
conjunctures of his condition. They depend en- 
tirely on Divine Providence, which regulates all 
events conformably to the laws of sovereign wis- 
dom. It is God, therefore, who places men every 
instant in circumstances the most favourable, and 
from which they may derive motives the most pow- 
erful to produce their conversion ; so that men are 
always indebted to God for the means which promote 
their salvation. 

I have already remarked, that however wicked 
the actions of men may be, they have no power over 
their consequences, and that God, when he created 
the world, arranged the course of all events so that 
every man should be every instant placed in circum- 
stances to him the most salutary. Happy the man 
who has wisdom to turn them to good account! 

This conviction must operate in us the happiest 
effects; unbounded love to God, with a firm reliance 
on his providence, and the purest charity towards 
our neighbour. This idea of the Supreme Being, as 
exalted as it is consolatory, ought to replenish our 
hearts with virtue the most sublime, and effectually 
prepare us for the enjoyment of life eternal. 

28th March, 1761. 
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LETTER CXV. 

The true Foundation of Human Knowledge, Sources 
of Truth, and Classes of Information derived from U, 

Haying taken the liberty to lay before you my 
opinion respecting the most important article of hu- 
man knowledge, I flatter myself it will be sufficient 
to dissipate the doubts which naturally arise out of 
the subject, from want of exact ideas of the liberty 
of spirits. 

I shall now have the honour of submitting to your 
consideration the true foundation of all our know- 
ledge, and the means we have of being assured of 
the truth and certainty of what we know. We are 
very far from being always certain of the truth of all 
our sentiments ; for we are but too frequently daz- 
zled by appearances, sometimes exceedingly slight, 
and whose falsehood we afterward discover. As 
we are therefore continually in danger of deceiving 
ourselves, a reasonable man is bound to use every 
effort to avoid error, though he may not always be 
so happy as to succeed. 

The thing to be here chiefly considered is the 
solidity of the proofs on which we found our per- 
suasion of any truth whatever ; and it is absolutely 
necessary that we should be in a condition to judge 
if they are sufficient to convince us or not. For this 
effect I remark, first, that all truths within our reach 
are referable to three classes, essentially distin- 
guished from each other. 

The first contains the truths of the senses ; the 
second, those of the understanding ; and the third, 
those of belief. Each of these classes requires 
peculiar proofs of the truths included in it, and in 
these three classes all human knowledge is. com- 
prehended. 
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Proofs of the first class are reducible to the 
senses, and are thus expressed : 

This is true* for I saw it, or om convinced of tt by 
the evidence of my senses* 

It is thus I know that the magnet attracts iron* 
because I see it, and experience furnishes me with 
incontestable proofs of the fact. Truths of this class 
are called sensible, because they are founded on the 
senses, or on experience. 

Proofs of the second class are founded on ratioci 
nation: 

This is true, for I am able to demonstrate it on vrm* 
ciples of just reasoning, or by fair syllogisms. 

To this class principally logic is to be referred, 
which prescribes rules for reasoning consequentially. 
It is thus we know that the three angles of a recti- 
lineal triangle are together equal to two right angles. 
In this case I do not say I see it, or that my senses 
convince me of it ; but I am assured of its truth by 
a process of reasoning. Truths of this class are 
called intellectual; and here we must rank all the • 
truths of geometry, and of the other sciences, inas- 
much as they are supported by demonstration. You 
must be sensible that such truths are wholly differ- 
ent from those of the first class, in support of which 
we adduce no other proofs but the senses, or expe- 
rience, which assure us that the fact is so, though 



of the magnet, we do not know how the attraction 
of the iron is a necessary effect of the nature of the 
magnet and of iron ; but we are not the less con- 
vinced of the truth of the fact. Truths of the first 
class are as certain as those of the second, though 
the proofs which we have of them are entirely 
different. 

I proceed to the third class of truths, that of faith, 
which we believe because persons worthy of credit 
relate them ; or when we say: 



we may not know the cause of it 
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This class accordingly includes all historical truths. 
You believe, no doubt, that there was formerly a 
king of Macedon called Alexander the Great, who 
made himself master of the kingdom of Persia, 
though you never saw him, and are unable to demon- 
strate geometrically that such a person ever existed. 
But we believe it on the authority of the authors 
who have written his history, and we entertain no 
doubt of their fidelity. But may it not be possible 
that these authors have concerted to deceive us! 
We have every reason to reject such an insinuation ; 
and we are as much convinced of the truth of these 
facts, at least of a great part of them, as of truths 
of the first and second classes. 

The proofs of these three classes of truths are 
extremely different ; but if they are solid, each in 
its kind, they must equally produce conviction. You 
cannot possibly doubt that Russians and Austrians 
have been at Berlin, though you did not see them : 
this, then, is to you a truth of the third class, as 
u believe it on the report of others ; but to me it 
one of the first class, because I saw them, and 
conversed with them ; and many others were as* 
sured of their presence by means of their senses. 
You have, nevertheless, as complete conviction of 
the fact as we have. 
81** March, 1761. 
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